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In the short period that has elapsed 
since its insecticidal properties were first 
discovered, DDT has probably received 
more extensive research study than any 
other insecticide yet developed. We have 
learned much concerning proper methods 
for formulating DDT into an effective in- 
secticide, and have developed a fair work- 
ing knowledge of its potential usefulness, 
its limitations, and possible hazards. De- 
spite all our research, however, entomolo- 
gists find it difficult, if not indeed impossi- 
ble, to make exact recommendations or 
even specific suggestions for the use of 
DDT to control insects, particularly those 
species which attack crops. This situaion 
arises, not because entomologists lack the 
ability and foresight required in the devel- 
opment of control measures involving the 
use of a potent insecticide like DDT, but 
rather because they have not had suffi- 
cient time to complete necessary field tests 
and because they have been constantly 
hampered by vague warnings and rumors 
concerning potential hazards to DDT users 
and consumers of treated products. 
Because of its military importance, the 
control of insect pests attacking man or 
domestic animals and household pests has 
been the subject of intensive and exten- 
sive research. Within this field, therefore, 
the recommendations being made by rep- 
resentatives of federal, state and com- 
mercial institutions approach agreement. 
In the agricultural field, thousands of 
pounds of DDT in the form of solutions, 
emulsions and suspensions will be used 
for the control of flies, fleas, lice, and other 
pests that attack livestock or invade farm 
buildings. If proper precautions are taken 
to avoid contaminating exposed food, 


1 An address delivered before the Insect Control Committee of 
the National Research Council on tay 24, 1946, 
, Illinois Natural “semen cow and Illinois 
xperiment Station, Urbana, Illi 
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feed, or utensils in which food may be 
handled when DDT preparations are ap- 
plied for the control of such pests and 
recommendations by competent entomol- 
ogists are followed, the residue problems 
should be negligible. 

In approaching a consideration of the 
use of DDT on plants, particularly agri- 
cultural crops, we must first consider the 
limitations of our knowledge and admit 
that for the most part work in this field 
is still definitely in the experimental 
stage. Research on some of the problems 
in this field has advanced to the point 
at which entomologists may and, perhaps, 
should make suitable suggestions, if not 
indeed recommendations, for the guidance 
of growers who wish to use insecticides 
containing DDT for the control of certain 
insect pests on specific crops. Millions of 
pounds of DDT have been processed into 
dust concentrates and wettable powders, 
and undoubtedly large quantities of this 
material will find their way into the hands 
of American farmers and _ gardeners. 
Sizeable quantities of this material will 
inevitably be used on agricultural crops 
of one type or another. Some may argue 
that we are not our brother’s keeper and 
that we will in no way be responsible for 
the misuse of these materials. At the same 
time, entomologists do have in their pos- 
session a working knowledge of how DDT 
may be used on several crops and also a 
fair knowledge of the hazards involved. In 
a sense they are therefore obligated to ad- 
vise the farmer so that he may protect his 
crops and at the same time avoid misuse 
of the materials he obtains. 

The decision to be made in some cases 
is of greater importance than some people 
realize. Wherever the residue hazard is 
known to be real and not a remote possi- 
bility there is no question what action 
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should be taken: On the other hand, the 
United States has encountered difficulty 
in fulfilling its commitments for food to be 
shipped abroad. Our food reserves have 
been depleted and we are asked to tighten 
our belts. The supply of nearly every in- 
secticide used in America is short. Rote- 
none and nicotine are practically unavail- 
able and yet if our farmers are to produce 
maximum crops so that Americans will 
not be hungry and Europeans starve, in- 
sect pests must be controlled. In such an 
emergency the use of DDT on crops where 
the residue problem would be negligible or 
at least remote should not only be sanc- 
tioned but should be encouraged. Other- 
wise the remote possibility that some in- 
dividual man or animal may suffer is 
balanced against the probability that 
many will suffer hunger or perhaps death 
due to starvation. To subscribe to the 
philosophy that DDT is too dangerous for 
use on agricultural crops would support 
the contention of some who feel its manu- 
facture and sale as an agricultural insecti- 
cide should not have been permitted. 
The potential agricultural uses for 
DDT are numerous and varied. In many 
instances DDT has proved to be more ef- 
fective than other insecticides now avail- 
able in controlling common insect pests of 
fruits and vegetables, and it may there- 
fore replace or supplement some of the 
older insecticides now in common use. 
Because of its high toxicity, lasting resid- 
ual effectiveness and low cost it may con- 
ceivably be extensively used for the con- 
trol of insect pests heretofore not con- 
trolled through the use of insecticides. 
In the production of many agricul- 
tural crops, the use of DDT involves few 
or no hazards. The Irish potato will serve 
as an excellent example. Research data 
from many laboratories show that DDT is 
outstandingly effective in controlling 
practically all of the serious insect pests 
of potatoes. Since the edible tubers are 
produced below ground and the treated 
portion of the plant is not used for any 
purpose, the residue problem does not ex- 
ist, and there is no valid reason for not 
recommending the use of DDT on this 
crop. Sweet potatoes, peanuts and per- 
haps onions may also be considered to fall 
in this category. The residue hazard is 
likewise negligible in the case of all crops 
produced entirely for seed, provided, of 
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course, no attempt was made to salvage 
crop residues for feed. Crops such as cot- 
ton and tobacco where no portion of the 
plant is used for food or fodder may, of 
course, be treated with DDT without 
much regard for possible residues. There 
seems to be little reason to discourage the 
use of DDT on shade trees and orna- 
mental plants. 

In the case of many crops the plants 
produce extensive vegetative growth 
which has to be protected from insect 
attack in advance of the appearance of the 
fruit or edible portions of the plant, and 
in such cases DDT may be advanta- 
geously used on these crops early in the 
season. Cabbage, cauliflower, lettuce, 
grapes, berries, beans, peas, and several 
other crops which frequently require one 
or more applications of an insecticide 
prior to the development of fruit, heads, 
or other edible portions fall within this 
category. The use of DDT on such crops 
during the early part of the season is un- 
objectionable. 

In the case of most cereal crops, the 
grain or seed is covered by a glume, shuck, 
or other protective covering, and even 
when treated with an insecticide contain- 
ing DDT, there is little likelihood that the 
seeds will ever be dangerously contami- 
nated. However, in all cases where crop 
residues are to be salvaged for fodder, 
these crops have to be considered in the 
same light as forage crops. In the case of 
market garden sweet corn, canning corn 
and seed corn, where the ear is protected 
by a shuck, the use of DDT sprays and 
dusts appears sound, logical, and safe. In 
most cases the treatment applied for the 
control of the first brood of corn borers 
will be practically completed before the 
ears are produced and residues would be 
subjected to a considerable period of 
weathering before harvest time. 

Generally speaking, the use of DDT on 
forage crops involves one of the greatest 
hazards, and until these residue hazards 
have been thoroughly studied and evalu- 
ated, the use of DDT on forage crops 
should not be encouraged. It is entirely 
possible, however, that some forage crops 
may be safely and economically pro- 
tected from certain insect pests through 
the careful and judicious use of DDT. It 
appears possible that thousands of acres 
of sweet clover now annually destroyed 

















October 1946 


by the sweet clover weevil may be saved 
by light applications of a DDT dust ap- 
plied shortly after the seedling plants 
appear above the surface of the ground. 
It also appears possible that serious leaf- 
hopper damage on second and third cut- 
tings of alfalfa may be greatly reduced or 
eliminated by applying a very light appli- 
cation of DDT spray or dust as soon as the 
previous crop has been removed and be- 
fore the plants make any appreciable new 
growth. In either case the residue problem 
is practically non-existent. 

Because of the outstanding performance 
of DDT in controlling the codling moth, 
orchardists in many sections of the coun- 
try are using considerable quantities of 
this new insecticide for the protection of 
their fruit crops. It appears that fruit 
growers will have little difficulty in de- 
veloping spray schedules that will permit 
the use of DDT for the control of at least 
the first brood of codling moth and stay 
well within the present administrative 
tolerance. 

In hastily reviewing the possible agri- 
cultural uses for DDT, residues were 
casually mentioned, but this all important 
problem must be given careful and 
thoughtful consideration and study. What 
are the hazards involved in the use of 
DDT? A layman or research worker can 
often find in the same article statements to 
the effect that DDT is not as toxic to 
warm blooded animals as lead, arsenic, 
fluorine, and other materials commonly 
used in insecticides and a statement that 
residues on food or fodder might be ex- 
tremely dangerous to man or animals. 
This, of course, merely adds to his con- 
fusion. The establishment of an arbitrary 
tolerance of, let us say, 7 parts per million 
does not necessarily mean that larger 
amounts of the toxicant would be ex- 
tremely dangerous nor insure that smaller 
amounts may not, at least under some 
conditions, prove to be harmful. Such a 
tolerance, whether legal or administra- 
tive, does however give the grower and re- 
search worker a landmark to go by. The 
orchardists have tolerances established 
for their guidance, but the producers of 
practically all other agricultural crops are 
left without guideposts. Not infrequently 
it is assumed that the tolerance of 7 
p.p.m. applies to all marketable prod- 
ucts. In many instances it will be argued 
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that if 7 parts per million is safe on fruit 
it should be equally safe on vegetables and 
forage crops. The fact remains, however, 
that the majority of our farmers receive 
only vague cautions or threats and little 
or no actually tangible data or concrete 
advice. Perhaps even this condition is bet- 
ter than having arbitrary tolerances es- 
tablished at unjustifiably low levels. Such 
restrictions would impose useless ob- 
stacles in the path of progressive research 
and frequently deprive the farmer of the 
right to protect his crop in a safe, sane and 
economical manner. 

The entomologist frequently finds him- 
self in difficult positions. He is expected to 
assist the farmers by supplying informa- 
tion on the latest and best possible rec- 
ommendations for the control of insect 
pests. At the same time, he is obligated 
to guard against recommending any pro- 
cedure or treatment that might endanger 
the life or health of man or beast. In the 
absence of reliable data, he must proceed 
with reasonable caution and must at all 
times avoid being carried away by cur- 
rent waves of public opinion. Today, he 
must balance the merits of DDT against 
the hazards that might accompany its use 
and weigh carefully the evidence on both 
sides of the equation. 

DDT has been used extensively by the 
armed forces, research workers, and lay- 
men, sometimes carelessly and _ pro- 
miscuously; yet Dr. Neal recently re- 
ported that no instance has been found 
in which a person has been poisoned from 
the use of DDT itself in insect control 
operations. Perhaps the same statement 
could be made for domestic animals. It 
would appear toxicologists agree that the 
acute and subacute toxicity of DDT to 
warm blooded animals is no greater and 
some say much lower than that of several 
materials now in common use as insecti- 
cides. The U. S. Food and Drug Adminis- 
tration has for all practical purposes ack- 
nowledged this fact in establishing its ten- 
tative administrative tolerance of 7 parts 
per million (about 0.05 grains per pound) 
for DDT on apples and pears. 

DDT has undoubtedly been subjected 
to more critical toxicological study than 
has any other insecticide. There is an 
abundance of research data to show that 
DDT is poisonous to warm blooded ani- 
mals when ingested, injected, or absorbed 
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into the body in considerable quantities, 

but very little information is available, or 

at least published, regarding the effect on 
animals of small quantities of DDT such 
as may be encountered in crop residues. 
No doubt there are experiments in prog- 
ress and perhaps some data available that 
will shed light on this subject. For the 
most part published reports involve ani- 
mals fed large amounts of DDT (50 to 
200+ mg. of DDT per kilogram of body 
weight) to determine the acute or sub- 
acute range of toxicity. 

In many cases studies to determine the 
cumulative effect of DDT have involved 
the use of foods containing 500 to 1,000 
or more parts of DDT per million. Even 
at these high dosages, rats, pigs, and goats 
have been able to survive long feeding 
periods. In our own laboratories, swine 
fed corn containing 555 parts of DDT per 
million (0.5 ounce of DDT per bushel of 
corn) from the day they were weaned, 
January 2, until they were butchered 7 
months later (August 8) remained normal 
and healthy. Post mortem studies and his- 
tological examinations of sections of kid- 
ney and liver tissues showed no disorders 
whatever. Chemical analyses of leaf fat 
from these animals made by chemists of 
the U. S. Food and Drug Administration 
laboratories showed DDT stored in the fat 
in amounts ranging from 271 to 387 parts 
per million. DDT in liver tissue ranged 
from 1.6 to 3.6 p.p.m. and DDT in kidney 
tissue ranged from 1.2 to 32.0 p.p.m. The 
accumulation of over 300 p.p.m. of DDT 
in the fat of these animalsis disturbing, to 
say the least. At the same time, we must 
bear in mind the daily food of these ani- 
mals for 7 months contained well over 500 
p.p.m. of DDT, which is roughly 80 times 
the tolerance permitted on apples and 

rs. 

Unfortunately, very little data are avail- 
able to indicate the range of DDT residues 
that might be expected on treated crops. 
Preliminary results of residue studies on 
apples are available from several states 
and these data may give us a picture of 
what to expect. In the first place, DDT on 
plants does not remain effective for long 
periods of time. Dosages up to 1 pound of 
DDT per 100 gallons are ineffective after 
2 to 4 weeks, indicating that DDT is lost 
or decomposed. There are several reports 

indicating residues below 7 parts per mil- 
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lion on apples sprayed 4 to 7 times with 
DDT at rates of 8 ounces to 1 pound per 
100 gallons. A casual review of the availa- 
ble data would indicate that the elapsed 
time between the last spray application 
and harvest has a much greater influence 
on the DDT deposit than the number of 
sprays or amounts of DDT used. In heavy 
DDT schedules the addition of a summer 
oil or sticker will almost certainly produce 
residues in excess of the tolerance. How- 
ever, if stickers are omitted and the trees 
are not sprayed within 4 to 6 weeks of 
harvest, several sprays containing 1 pound 
of DDT per 100 gallons may be applied 
without producing a residue in excess of 
the tolerance. It should be noted that or- 
chardists commonly use 400 to 600 gallons 
of spray (4 to 6 pounds of DDT) per ap- 
plication per acre. 

Dr. Thomas C. Watkins, of the New 
York Station, graciously provided the 
writer with unpublished data on DDT res- 
idues on head lettuce and onions. Dr. 
Watkins found that the trimmings from 
lettuce heads and onion bulbs heavily 
dusted two or three times with a dust 
containing 3 per cent DDT showed resi- 
dues in excess of 7 parts per million but 
the edible portion of the onions and let- 
tuce heads usually showed DDT to be 
less than 1 part per million. In his work 
Dr. Watkins began dusting five lettuce 
plots August 14. Each week one plot was 
dropped and the rest dusted again with a 
dust containing 3 per cent DDT. He 
therefore had plots dusted 1, 2, 3, 4, and 5 
times respectively. All plots were har- 
vested September 14, 2 days after Plot 5 
was dusted the fifth time. The DDT resi- 
dues on trimmed lettuce heads (in parts 
per million) obtained were: 0.2, 0.2, 
4, 20, and 211 respectively. Residues on 
the trimmings were reported as: 4, 12, 
110, 185, and 358 parts per million. Here 
again it is evident the elapsed time be- 
tween the last treatment and harvest is 
far more important than the number of 
applications or total dosages. If the total 
amount of DDT applied determined the 
residue, the data should more nearly ap- 
proach an artihmetic progression, e.g.: 
0.2, 0.4, 0.6, 0.8, and 1.0 p.p.m.; and 4, 8, 
12, 16 and 20 p.p.m. 

The corn borer “Pool of Information” 
contains data provided by the Bureau of 
Entomology and Plant Quarantine giving 
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DDT residues on corn treated for Euro- 
pean corn borer control. Residue analyses 
on corn sprayed four times using 0.85 to 
0.95 pounds of DDT per acre showed: 
Stalks, 0.32 p.p.m.; husks and _ silks, 
0.006; and corn kernels 0.008. Analyses of 
corn treated four times with a dust con- 
taining 2.5 per cent DDT showed: Stalks 
and leaves, 1.88 p.p.m.; husks and silks, 
none; and kernels, 1.59. Corn treated four 
times with a 5 per cent DDT dust showed: 
Stalks and leaves, 2.1 p.p.m.; husks and 
silks, 0.04 p.p.m.; and kernels 0.13. In our 
experiments an analysis of silage made 
from corn 10 days after the last of three 
applications of 5 per cent DDT dust ap- 
plied at the rate of 20 pounds per acre 
showed the DDT present amounted to 4 


p-p.m. 

All of the data available to the writer 
show that if a reasonable time elapses be- 
tween treatment and harvest, DDT may 
be used on a number of crops without fear 
of building large DDT residues. However, 
the question of how extensively DDT may 
be used on fruits, vegetables, and other 
agricultural crops without endangering 
the health of man or animals remains un- 
answered. In the light of the residues just 
reviewed it would appear that reasonable 
caution in the use of DDT on fruits and 
vegetables is all that safety requires. We 
have all been very cautious about recom- 
mending the use of DDT on fruits or 
vegetables but at the same time we must 
admit that there is little or no evidence to 
show that residues from the small amount 
of DDT required to control insect pests 
would in any way endanger human life or 
health. 

In the case of animals there is consider- 
able biological data, all of which tends to 
show that cattle, swine, sheep, goats, 
chickens and laboratory animals can, over 
long periods of time, ingest daily amounts 
of DDT far in excess of what might be ex- 
pected asa residue on plants without show- 
ing any ill effects. The writer has no 
knowledge of even a single authentic re- 
corded case of animal poisoning as a result 
of their feeding on DDT-treated plants. 
Sheep and dairy cows fed DDT-treated 
silage for a period of several months re- 
portedly maintained normal appetites and 
apparent good health. 

At our laboratories feeder steers receiv- 
ing daily for three months 40 pounds of 
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silage made from corn dusted three times 
with a 5 per cent DDT dust applied at 
the rate of 20 pounds per acre maintained 
normal health, and post mortem studies 
showed no signs of tissue damage. In re- 
peated tests swine fed corn containing 
DDT far in excess of any possible residues 
for a period of several months have never 
shown any symptoms of DDT poisoning, 
and post mortem examinations have not 
disclosed damage to muscle, nerve, kidney 
or liver tissues. Chickens, both hens and 
baby chicks, whose sole diet consisted of 
a mash containing 111 p.p.m. of DDT 
were apparently well and healthy at the 
end of a 10-week feeding period. 

In translating the results of laboratory 
tests to practical field conditions, we must 
bear in mind no animal’s diet is restricted 
to a single item, that seldom if ever will 
all of any one component of the diet bear 
DDT residues, and above all we must re- 
member that every feeding test yet re- 
ported has involved amounts of DDT in 
excess of probable residues. 

The fact that animals can and do store 
DDT in fat and also eliminate DDT in the 
butterfat contained in their milk has given 
rise to new fears that the use of DDT may 
prove disastrous. The preliminary work in 
this field, as in many others, involved ani- 
mals fed DDT in amounts approaching 
the sub-acute toxic level. The discovery 
and recording of this scientific fact is 
commendable, but until there is concrete 
evidence that animals receiving only nor- 
mal residues in a representative part of 
their diet also eliminate dangerous 
amounts of DDT in their milk, this type 
of information should not be given wide 
publicity. Our obligation to avoid starting 
or fostering unwarranted fears is just as 
great as our obligation to warn the public 
of known hazards. No one will question 
the wisdom of cautioning against the 
feeding of DDT to dairy animals until this 
problem is solved. However, the fact that 
a few laboratory animals eventually died 
from drinking milk obtained from animals 
receiving 1 part of DDT per 1000 parts of 
food in their diet hardly justifies the fear 
that a few cows eating corn, pea vines, or 
cabbage leaves treated with DDT would 
endanger the milk supply of Chicago, De- 
troit or New York. 

At the present time, May, 1946, one of 
the greatest hazards involved in the use of 
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DDT is psychological in nature. As a 
result of the extensive unfavorable pub- 
licity given to DDT in the last year, many 
users are extremely apprehensive, and 
they frequently attribute a sore throat, 
headache, indigestion, lumbago, and im- 
aginary ills to their contact with DDT. In 
the same vein, it is doubtful that any ani- 
mals will become ill or die of natural 
causes on properties treated with DDT. 

Most entomologists fear that the ex- 
tensive use of DDT will inevitably be ac- 
companied by a few accidents and in- 
stances of careless misuse of the material. 
Such instances will, of course, be regretta- 
ble but do not constitute grounds for 
condemning the use of DDT. Such acci- 
dents have occurred with the use of lead 
arsenate, calcium arsenate, fluorine com- 
pounds, dimitro ortho cresol, kerosene, 
creosote, and other materials used in in- 
sect control work. The fact that no such 
accidents have occurred with DDT is not 
particularly surprising but is very en- 
couraging. 

In many instances only the uncertain- 
ties surrounding the residue problem pre- 
clude the use of DDT on agricultural 
crops. This problem is therefore of prime 
importance and demands our best re- 
search efforts. The entomologists and 
chemists should as quickly as possible 
determine: The deposits of DDT found 
on plants immediately after treatment at 
known rates of application, the rate of de- 
composition or loss of DDT from the 
plants, the residues obtained at harvest 
time, following various practical spraying 
or dusting schedules, and the possible 
value of neutralizing or decontaminating 
sprays if such are needed. The toxicolo- 
gists and chemists should determine the 
effect of DDT at residue levels on animals 
and animal products. 

The attainment of our goal can best be 
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obtained through the whole-hearted co- 
operation of all interested agencies and 
the elimination of all unnecessary dupli- 
cation. A shortage of adequate facilities 
and trained chemists capable of making 
accurate and reliable DDT determina- 
tions seems to be limiting our forward 
progress at this time. Few Experiment 
Stations are able to provide adequate 
facilities for such work, and federal agen- 
cies, though willing, are unable to help 
state institutions because they are under- 
staffed and overworked. Many workers 
have found to their sorrow that having no 
chemical analyses at all is better than un- 
reliable data, and they are reluctant to 
submit materials to chemical laboratories 
whose chemists are not trained for this 
special type of work. Samples for residue 
analysis are available as a by-product of 
every entomologist’s field plot, and animal 
tissues are at least potentially available 
from every animal used in feeding ex- 
periments. Therefore, since residue analy- 
ses and DDT determinations on animal 
tissues are so badly needed, it is exceeding- 
ly regrettable that adequate facilities for 
makingchemicalanalysesarenot available. 
At a recent meeting in St. Louis, Mis- 
souri, the writer expressed a hope that 
manufacturers of DDT or others inter- 
ested in the problem might pool resources 
and develop a fund which would enable 
the Bureau of Entomology and Plant 
Quarantine, the Food and Drug Admin- 
istration or Public Health Service in- 
dividually or collectively to establish a 
laboratory or laboratories where research 
workers might submit samples and obtain 
reliable analyses. In closing, I repeat that 
hope and add to it the sincere hope that 
this year we may obtain a fairly complete 
picture of the residues that may be ex- 
pected on crops and determine the effect 
of such residues on animals.—5-30-46. 





CCUMBERLAND-SHENANDOAH FRUIT 
WorkKErRS’ CONFERENCE 


The Cumberland-Shenandoah Fruit Workers, 
Conference, an important feature of which is the 
annual Spray Conference for the states of Pennsyl- 
vania, Maryland, Virginia, West Virginia and Dela- 
ware, is scheduled to meet in Frederick, Maryland, 
on November 29 and 30, 1946, with headquarters at 
the Francis Scott Key Hotel. A report of the Con- 
ference will appear in a later issue of the JourNAL. 











A Review of North American Economic 





Eriophyid Mites! 


The Eriophyid mites, variously known 
as gall mites, blister mites, rust mites, and 
bud mites, are the smallest animals bear- 
ing an exterior skeleton with which the 
agriculturist has to contend. They deform 
and russet leaves and fruit, blast buds, 
and if uncontrolled will frequently put 
their host plant out of production. 

These mites are very tiny, averaging 
about 200 to the inch. They cannot be 
seen, or barely so, by the unaided eye, and 
for that reason their structure and habits 
have been obscure. We need much more 
accurate information on the correct 
identity and bionomics of species on 
economic hosts. This review, for that 
reason, is partly a discussion of what we 
do not know about these mites, as well as 
a summary of the more important eco- 
nomic species of the continent. While 
this account is necessarily from a Cali- 
fornia viewpoint, it is also true that 
California agriculture has as many, or 
more problems, due to Eriophyid activity, 
as any other North American area. 

The bionomics of Eriophyid mites as 
far as we know is based on the existence 
of perennial hosts, upon the need of the 
mites to feed and breed in connection with 
soft, usually green tissue, and upon the 
necessity for the development of large 
populations to insure distribution of the 
mites to additional individuals of their 
host plants. The small size of Eriophyids 
in relation to food quantity makes the 
development of large populations possible. 
The ability of the individual mites to 
hatch, pass through two nymphal stages, 
and become egg-laying adults in a little 
over a week, under favorable conditions, is 
the solution to the other part of this popu- 
lation development problem. 

Eriophyids lack control over their 
means of distribution and must travel by 
chance, their numbers gaining the aid of 
the law of probability. They depend on 


1 Presented on the program of the Pacific Slope Branch, June 


26, 1946. 
2 The writer acknowledges with thanks the assistance given by 
Dr. L. M. Smith and Dr. E. M. Stafford, University of Cali- 


fornia at Davis; Dr. A. M. Boyce, University of California at 
Riverside; and by John B. Steinweden, State Department of 
Agriculture. 


H. H. Kerrer,? California State Department of Agriculture, Sacramento 
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wind, insects, birds, and other carriers 
Most species are very widely distributed, 
which fact is the measure of their success 
in traveling to the correct places, and in 
staying on plants which are being moved. 

Eriophyids exhibit a very intimate 
mite-host relationship, characterized by 
considerable host specificity. Gall forma- 
tion is another aspect of this intimacy, but 
the majority depend on natural forma- 
tions on their hosts and cause no dis- 
cernible injury. They remain in locations 
where feeding and breeding can take place 
whenever temperature permits, with few 
exceptions. The exceptions are specialized 
aestivating and forms which spend their 
quiescent period in dry bark crevices. 

In general there are two types of Erio- 
phyids: the worm-like soft kinds that are 
gall mites or bud mites, and which do all 
their feeding and breeding under cover, 
and the rust mites, which are broader and 
chunkier, often rather flat, which have 
heavy back plates to protect them against 
the action of light and desiccation, and 
which feed and breed more or less on 
open-leaf surfaces. This latter type, with 
few exceptions, constitutes the rust mites, 
or leaf vagrants. 

A few comments are necessary on the 
hibernating forms of the rust mites on 
deciduous trees, which forms are known 
as deutogynes. These hibernating mites 
develop on the open-leaf surfaces, usually 
in response to the maturing of the leaves, 
or to the oncoming leaf-drop in the fall 
of the year. As far as we know at present, 
none of these hibernating forms can re- 
produce in the season in which they are 
formed; but in the case of pear, the rust 
mite deutogynes may have the ability to 
come out of aestivation before cold 
weather, when there is a second flush of 
new growth which provides fresh leaves. 

On pear trees, during the winter, 
deutogynes of the pear rust mite are found 
in the bark crevices at the apex of the 
second-year wood. The pear leaf blister 
mite on the other hand, which is one of 
the worm-like types, is found exclusively 
in the buds, usually terminal buds. This 
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example illustrates one of the funda- 
mental differences between these two 
types of mites. 

AcaricipEs.—Eriophyids have no or- 
ganization similar to the tracheal system 
of higher Arthropods. For that reason the 
skin is presumably the oxygen-absorbing 
organ, putting this function in a very 
vulnerable position. This may in part 
account for the effectiveness of sulfur, or 
certain sulfur derivatives, against these 
mites, since sulfur is an element closely 
related to oxygen. Thus we may con- 
jecture that the sulfur, or sulfur com- 
pound, is absorbed in somewhat the same 
manner as oxygen, or with it, but from 
then on blocks their breathing apparatus. 

Sulfur as a pure chemical has a slight 
vapor pressure at ordinary temperatures 
and will slowly sublime, the rate depend- 
ing on the temperature. This vapor is 
presumably the form of the element 
deadly to Eriophyids, since mites will die, 
confined in a chamber coated with sulfur, 
though no solid sulfur has touched them.! 
This is the indication that in mite control 
the atmospheric temperature is a factor. 
The percentage of sulfur in a combination 
dust can be quite low under favorable 
conditions, providing an even coverage is 
achieved. But pure sulfur is so cheap that 
diluents usually add to cost, unless there is 
some other important objective. 

Sulfur for Eriophyid mite control is put 
on in a number of ways. Pure sulfur dust, 
or with a small amount of sticker such as 
rosin, readily suppresses the tomato russet 
mite. Wettable sulfur is another form of 
mite treatment, the pulverized sulfur 
bearing a wetting agent such as glue, 
dextrin, calcium caseinate, flour, or 
specialized detergents. 

Lime-sulfur is a common form of the 
element used as a spray. This is variously 
described as a water solution of calcium 
polysulfide, or sulfur dissolved in calcium 
sulfide. The mixture contains some free 
calcium hydroxide and free hydrogen 
sulfide, but the important fact is that it 
deposits free sulfur. When combined with 
oil emulsion, lime-sulfur has better pene- 
trating power, and is more suitable for 
reaching mites which have sequestered 
themselves far down behind bud scales. 

Lime-sulfur is usually a fall, winter, and 


1 Shepard--The Chemistry and Toxicology of Insecticides, 
Burgess Publishing Co., p. 137, 1939. 
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early spring application, when it is used in 
strengths varying from 1 to 10 to 1 to 20 
in water. The leaf sprays are diluted down 
to 1 or 2 per cent to reduce burning as 
much as possible. 

When lime-sulfur is inadvisable because 
of possible plant injury, there are other 
alternatives besides sulfur dust or wet- 
table sulfur. Petroleum oil spray suitable 
for covering tender foliage is a satisfac- 
tory suppression method in the case of 
the citrus budmite. On the cereal rust 
mite a dust of sulfur and calcium cyanam- 
ide seems effective. For the blueberry 
bud mite, sprays and dusts containing 
derivatives of dinitro-ortho-cyclohexyl- 
phenol show promise. Certain selenium 
compounds may also suppress Eriophyids. 

The tenacity with which many of these 
mites remain on their host trees or shrubs 
after applications of acaricides indicates 
in part the difficulty the control man faces 
in devising a material which will penetrate 
far enough into crevices. However, if the 
tree is effectively rid of mites during the 
winter, it can start the coming season 
comparatively free from damage, since 
the law of probability operates with 
some deliberation in redistributing Erio- 
phyids. 

Prepators.—The most common preda- 
tors of Eriophyids are parasitic mites of 
the Seius pomi type. They occur every- 
where and their actual importance needs 
further investigation since they may pre- 
vent severe mite damage at times. They 
are most effective on open-leaf mites, but 
enter galls when the aperture is large 
enough (they are quite a bit largerthan 
Eriophyids), and are very common on 
erineum patches. Other types of preda- 
cious mites occur in company with the 
citrus bud mite, one of which is a Chey- 
letid. 

Predacious thrips? and Cecidomyid mag- 
gots feed on Eriophyids in California. In 
England Chalcid? wasp larvae are on 
record as preying on the black currant 
gall mite in the big buds. The writer has 
noted Chalcid larvae in West Indian mite 
galls. A Tortricid caterpillar, lacewing 
larvae, Syrphid maggots, and others? also 
find mention in this connection. When 
atmospheric humidity is suitable, fungi 
may be a factor in gall mite survival. 


2 Bailey—Jour. Econ. Ent. V. 33, No. 8, p. 540, 1940. 
% Massee—Bul. Ent. Res. V. 18, part 3, p. 302, 1928. 
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Economic Sprecies.—The mite species 
which are of more or less economic im- 
portance in North America number about 
50.1 Of these the pear leaf blister mite is 
perhaps the most generally known, and 
one of the most important, since it can 
put its host out of fruit production. It 
costs in the neighborhood of $10.00 to 
$12.00 per acre to spray for this mite, and 
so far, no completely satisfactory control 
method is available. The typical blister- 
mite, Eriophyes pyri (Pgst.), winters in 
the terminal buds, forms blisters in the 
very tiny spring leaves, and on the very 
small fruit. These blisters on the leaves 
persist as black spots throughout the 
season, or as long as the leaf remains on 
the tree. On the fruit, the blister is oblit- 
erated except for a characteristic slight 
depression and scar. The usual type of 
control for the pear leaf blister mite is 
lime sulfur in late fall and early spring. 

A biological form of this mite, concern- 
ing which we know too little at present is 
sometimes called the pear bud mite. In 
cases where pear trees show no leaf 
blisters, the early spring bud blasting may 
be nevertheless so severe, due to bud mite, 
as seriously to curtail the pear crop. In 
fact, leaf blisters, as such, are not a 
particular menace to pear growth unless 
there is a tremendous amount of them, 
whereas this bud blasting is definitely a 
very serious factor in fruit production 
since it destroys the young blossoms. It 
will be necessary to culture these bud and 
blister mites on pear to discover what the 
relationship between the two types is. 

Some suggest that control measures 
have selected out a non-blistering strain 
of Eriophyes pyri, since those out on the 
leaves are more vulnerable than those 
which would tend to remain in the buds 
under the tightly-fitting scales. 

The only other Eriophyid which at- 
tacks pear, so far as available specimens 
indicate,? is the pear rust mite, Epi- 
trimerus pyri (Nal.). The damage caused 
by this mite characteristically happens in 
spring and early summer since the species 
seems sensitive to mature leaves and 

1 The 1939 edition of Destructive and Useful Insects by Met- 
calf and Flint lists four economic. Eriophyids. This book is 
primarily written from an eastern viewpoint. In contrast, Cali- 


fornia agriculture suffers from the attacks of between 10 and 15 
species of these mites. 

2 Pear trees at Davis, California, had only Epitrimerus pyri 
on the leaves. Apple trees nearby had both Calepitrimerus 
baileyi and Vasates schlechtendali, the latter said to attack pear 
also. See the discussion about apple. 
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produces™ deutogynes that proceed to 
aestivate. The fact that the rust mite will 
reappear on summer flushes of new growth 
may mean the deutogynes can reproduce 
the same year they develop. It will be nec- 
essary to culture this mite to discover just 
what takes place. Oil sprays or sulfur dusts 
suitable for tender leaves are presumably 
good acaricides for this mite, but winter 
lime-sulfur will prevent spring injury. 

A mite close to Eriophyes pyri is the 
apple blister mite. The relationship be- 
tween this mite and the pear leaf blister 
mite needs to be settled by cultural 
methods. For the moment, the technical 
name of this mite had probably best be 
stated as Eriophyes pyri mali Nal. There is 
another mite on apple which, while closely 
related to the blister mite, nevertheless 
seems distinct. It could be called the ap- 
ple bud mite, and while little attention 
has been paid to it, the destruction of 
apple flowers in the spring may take 
place in considerable quantity. Apple 
trees, with numerous mites in the buds 
and around the petiole bases, which have 
spring blossom damage, nevertheless can 
be without leaf blisters. 

The rust mite situation on apple is 
somewhat different from that on pear. 
The usually designated apple rust mite, 
Vasates schlechtendali (Nal.) seems to be 
generally distributed throughout North 
America. Its method of over-wintering 
and the possible production of deutogynes 
by this species remain obscure. 

A second rust mite on apple, Calepi- 
trimerus baileyi K., is the one most com- 
mon in California. This latter mite works 
on apple leaves throughout the season and 
causes a distinct rusting of the under- 
surfaces. The mite takes advantage of 
and thrives best under the protection 
afforded by apple leaves which have a 
relatively dense underside growth of 
hair. The deutogynes of C. baileyi winter 
on the fruit spurs around the lateral buds. 

None of these mites on apple has re- 
ceived a great deal of economic attention 
and information on control measures is 
not available. 

The Eriophyid mites on grape lack 
greater importance than they have largely 
because grapes are so consistently sulfured 
for mildew. Nevertheless, there are two 
kinds of these mites known in North 
America, namely, the grape erineum mite, 
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Eriophyes vitis (Pgst.), and the grape 
rust mite, Calepitrimerus vitis (Can.). The 
former species forms erineum patches on 
the under surface of the leaves and there 
seems to be a certain amount of varietal 
resistance to the activities of this mite 
shown by different kinds of grapes. For 
example, one kind of grape which is 
fairly well over-run with erineum patches 
has been observed to be interlocked with 
another variety of grape which had few or 
no erineum patches. In this case, no con- 
trol measures had been attempted. 

Some critical cultural work on the grape 
erineum mite, by Dr. L. M. Smith of 
Davis, illustrates a principle in connection 
with gall mite activity, namely, that the 
gall can only be formed on very tiny 
leaves and that after the leaf has reached 
a certain stage of development, no further 
extension of galls can take place. Here 
again on grape, we find what appears, to 
be a bud mite development, since Dr. 
Smith has shown that bud damage by 
mites can occur on grape vines without 
the production of any erineum. 

The grape rust mite, which develops 
deutogynes in the fall, has received little 
attention in North America. European 
references to the work of this mite would 
seem to indicate that they have the 
deutogynes catalogued as a different 
species. That situation very much needs 
clarification. 

Both Eriophyes vitis and the deutogynes 
of Calepitrimerus vitis are easily recover- 
able in winter grape buds. 

On citrus, the rust mite, Phyllocoptruta 
oleivorus (Ashm.) is a pest of long standing 
in the warmest citrus-growing areas of the 
United States. All forms of citrus may 
suffer from an attack of this mite, al- 
though it seems to have loca! host strains 
and to prefer lemon in California, for 
example. Work with the control of this 
mite in Florida indicates sulfur is the best 
agent and that nicotine sprays and oil 
sprays were not very effective. This mite, 
which is on an evergreen Lost, winters on 
the leaves and produces no specialized 
hibernating forms. 

In California, the most important citrus 
Eriophyid pest is the citrus bud mite, 
Aceria sheldoni (Ewing). It was first dis- 
covered in 1937 and has since that time 
been gradually extending its activities, 
occupying practically all of the citrus- 
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growing areas adjacent to the coast in 
Southern California. Severely damaged 
lemon trees show stunting and clustering 
of the young growth, and severe leaf and 
fruit malformation. These mites leave a 
characteristic brown condition in the buds 
in which they work. They may be found 
developing in large numbers under fruit 
buttons where they also leave a brown 
injury. While sulfur applications are 
effective against this mite, host damage 
indicates that petroleum oil spray is the 
best all-round control. 

The cost of the spray for this mite on 
lemons, according to Dr. A. M. Boyce, 
who has worked with the species since its 
discovery, is in the neighborhood of 
$50.00 an acre for the season. 

The citrus bud mite also works on 
oranges and grapefruit and seems to have 
a general range through the Pacific citrus- 
growing areas. Very similar or identical 
populations damage citrus in such places 
as Hawaii, Australia and Java. 

Peach is infested by one Eriophyid, 
namely, the silver mite, Vasates cornutus 
(Banks). This mite winters around the 
lateral buds from 3 to 12 inches below the 
terminals, in the form of deutogynes. In 
the early spring, these mites invade the 
tender growing tips, and at that time, if 
the host plant lacks leaf glands, or if the 
leaf glands are not operating properly 
(these produce a sticky secretion), the 
mites cause an unhealthy longitudinal 
rolling of the leaves and, in some cases, 
numerous fine yellow dots on the leaves. 
This injury is not to be confused with the 
silvering of the peach leaf, which silvering 
occurs after prolonged feeding during 
spring and summer. The mite feeds on 
both leaf surfaces and produces deuto- 
gynes only in response to the temperature 
drop in the fall. 

The plum nursery mite, Vasates fockeui 
(Nal. & Trt.), is found throughout the 
northern states and Canada. It severely 
damages young growth on plums which 
accounts for its common name. This mite 
is closely similar to the peach silver mite, 
no characters at the present time being 
available to indicate a structural distinc- 
tion between the two. Such a mite is either 
uncommon or absent from the fruit- 
growing areas in California, where peach 
silver mites.abound, since plum trees in 
the vicinity of infested peach trees do not 
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develop mites of the V. fockeui type. The 
explanation of this awaits further study 
and culture. 

Filbert and currant suffer from the 
attacks of big-bud mites, Phytoptus avel- 
lanae Nal., and Cecidophyes ribis Nal., 
respectively. The terminal buds on certain 
filbert varieties enlarge in the spring, and 
turn into galls never producing shoots. 
The filbert mite is unique in having two 
types of nymphs, a normal type develop- 
ing in the big-buds, and a flattened nymph 
which spends the summer on the under- 
sides of the leaves. 

The redberry mite on _ blackberries 
along the Pacific Coast, namely, Aceria 
essigi Hassan, insures itself a breeding 
place in an unusual manner. Feeding in 
the developing berry by this mite causes 
either all of the drupelets, or the basal 
ones, to remain red and unripe. The berry 
thus hangs on the vine longer, and is unfit 
for eating. 

The Eriophyid with the most peculiar 
habitat, that has come to notice so far, 
is the onion or bulb Eriophyid, Aceria 
tulipae (K.). Liliaceous bulbs such as 
onion, garlic and tulip are attacked, the 
mites living between the bulb layers. Thus 
the mite lives underground, a habit not 
known to be possessed by any other 
species. The activities of Aceria tulipae 
cause the bulbs to shrink and dry out. 
These mites persist in storage. 

SumMary.—Eriophyid mites are minute 
animals concerning which we need more 
information, particularly that to be 
secured by means of cultural studies. They 
have an intimate attachment to their 
hosts, which hosts must be fundamentally 
perennial. The mites have no control 
over their means of distribution, so must 
develop large enough populations to in- 
sure that some individuals will arrive at 
the correct destinations. 

There are two general types of Erio- 
phyids: 1, The worm-like gall mites and 
the bud mites; 2. The harder bodied, open- 
leaf mites which are usually more flattened 
and chunky. The species of this second 
type which are attached to deciduous 
trees usually develop deutogynes which 
are hibernating females which probably 
cannot reproduce during the season they 
are formed. 

There seems to be a tendency for certain 
economic gall mites to divest themselves 
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of the gall-making habit and to remain 
bud mites. They do more damage to their 
host in this latter capacity and are more 
protected against acaricides. This whole 
question needs study. 

Since Eriophyids breathe through the 
skin, we may hypothesize that part of the 
reason sulfur is effective against them is 
because it blocks oxygen intake. Lime- 
sulfur is a usual acaricide used for sup- 
pressing Eriophyids, but sulfur dust, 
wettable sulfur, petroleum oil, calcium 
cyanamide, and dinitro dusts are also 
available. 

Eriophyid mites are subject to natural 
control by predacious mites, thrips, mag- 
gots, and possibly fungi. The status of 
these controlling factors remains for in- 
vestigation. 

The following list of economic Erio- 
phyids seeks to set forth concisely the 
more important species, indexed by host: 


Aloe 
Aloe wart mite, Aceria' aloinis (K.). 

Distribution—Southern California. 

Injury to host—forms large warty deformations 
on inside of leaf bases, and in flowers; also on 
related plar.ts. 

Ref.: Keifer—Bul. Cal. Dept. Agr. V. 30, No. 
2, p. 205, 1941. 


Apple 

Apple leaf blister mite, Eriophyes pyri mali Nal. 

Distribution—General. 
Injury—causes leaf blisters. 
Ref.: Nalepa—Marcellia V. 22, p. 63, 1925. 

Apple bud mite, Eriophyes sp. 
Distribution—General. 

Injury—Bud damage; kills flowers. 

Apple rust mite, Vasates schlechtendali (Nal.)? 
Distribution—General. 

Injury—Rusts leaves (also said to be on pear). 
Ref.: Insects Wn. N. Am. p. 50, 1926. 

Bailey’s rust mite, Calepitrimerus baileyi K. 
Distribution—California, Utah; elsewhere 
Injury—Rusts apple leaves. 

Ref.: Bul. Cal. Dept. Agr. V. 27, No. 3, p. 310, 
Sept. 7, 1938. 
Parrott’s apple leaf vagrant, Eriophyes malifoliae 
Parrott. 
Distribution—New York State. 
Injury—None noted. 
Ref.: N. Y. Agr. Expt. Sta. Bul. 283, p. 312, 
1906. 
(The figure suggests it is not Eriophyes, but 
a deutogyne of some rust mite.) 


Berries, particularly blackberry (Rubus spp.) 
Red berry mite, Aceria essigi (Hassan). 
Distribution—Widespread along Pacific Coast. 


1 Aceria is a segregate of the older conception of Eriophyes; 
see Bul. Cal. Dept. . Vol. 33, No. 1, p. 22, Apr. 18, 1944. 

2 Vasates isa te of the older conception of Phyllocoptes ; 
see Bul. Cal. Dept. . V. 38, No. 1, p. 25, Apr. 18, 1944. In 
V. 35, No. LP, 41, Apr. 16, 1946, is the description of Vasates 
malivagrans K. This mite does not fit the description of schlech- 
tendali in some respects but the name malivagrans is being sup- 
pressed until more information is available. 
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Injury—Causes fruit to remain red, especiall 

the basal drupelets. F 
Control—Lime sulfur and winter oil emulsion. 
Ref.: Essig & Hoskin—Cal. Ext. Ser. Cir. 87, 


p. 34, 1944. 

Blackberry leaf mite, Phyllocoptes gracilis (Nal.)' 
Distribution—General. 
Injury—Causes leaf spotting and deformation; 

premature fruit ripening and dry berry dis- 


ease. 
Ref.: Breakly 1945, Jour. Econ. Ent. 38, (1): 
121; (6): 722. 
Big-beaked plum mite, Diptilomiopus gigantor- 
hynchus (Nal.)* 
Distribution—Common on blackberry in parts 
of California; see plum. 
Blueberry, Huckleberry (Vaccinium spp.) 
Blueberry bud mite, Aceria vaccinii (K.) 
Distribution—Eastern North America. 
Injury—Deforms spring flower heads and fruit. 
Control—Dinitro sprays said to be effective. 
Ref.: Bul. Cal. Dept. Agr. V. 30, No. 2, p. 196, 
May 26, 1941. 
Bailey & Bourne, 1946, Jour. Econ Enr., 
89 (1): 89. 
Camellia 
Camellia bud mite, Aceria camelliae K. 
Distribution—California. 
Injury—In flower buds, may cause premature 
flower drop 


Ref.: Bul. Cal. Dept. Agr. V. 34, No. 3, p. 187, 


1945. 
Purple or ribbed camellia mite, Calacarus adorn- 
atus (K.).* 
eo a aes Southern States; 
Asia 
Injury—Rusts the leaves and deposits debris. 
Ref.: 1940. Cal. Dept. Agr. 29 (3): 164. 
Steinweden s camellia mite, Acaphylla steinwedeni 
Distribution—California, Southern States; 
Asia. 
Injury—Rusts leaves. 
Ref.: 1943. Cal. Dept. Agr. 32 (3): 215. 
Carrot 
Carrot bud mite, Aceria peucedani (Can.). 
ant faeces deste of Europe. 
ury—Causes drying of seed heads. 
Bot fs tales 1929 Marcellia, 25: 135. 


Celery 
Celery rust mite, Vasates eurynotus (Nal.). 
Distribution—California; Europe. 


Injury—Rusts leaves and stems; also on carrots 
other Umbellifers. 
Ref.: Bul. Cal. Dept. Agr. 30 (2): 206. May 26, 
1941. 
Citrus 


Citrus bud mite, Aceria sheldoni (Ewing). 


Distribution—Southern California coast, 
Hawaii, Queensland, East Indies. 
Injury—Deforms leaves and fruit, stunts 


growth, blackens buds (in California the 
mite prefers lemon). 


1 Formerly Eriophyes gracilis N 
5 panengor cen K,, Bal. Cal. Dept. Agr. V. 28, No. 
2, p. 149, Mar. 17, 1939, is bei suppressed i in favor of the name 
D. gigantorhynchus (Nal. ), until more data is available. 

? Perhaps the same as “Eriophyes carinatus” Green of Asia, 
known as the ribbed tea mite. This name was not accompanied 
by a ae See King—Jour. Ent. Res. 28, (2): $11, 1937. 
Regardless of the specific name, this tea mite is in no sense an 
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Control—Petroleum oil sprays at least twice a 


year. 

Ref.: Boyce & Korsmeier 1941, Jour. Econ, 
Enrt., 34 (6): 745. 

Citrus rust mite, Phyllocoptruta oleivorus (Ashm.). 

Distribution—Southern California, Southern 
Texas, Florida, elsewhere in citrus growing 
areas of the world. 

Injury—Severely silvers the leaves and fruit 
(in California it prefers lemon in the San 
Diego vicinity). 

Control—Sulfur dusts or sprays. 

Ref.: Essig & Hoskins, 1944, Cal. Agr. Expt. 
Ser. Circ. 87: 50. 


Cotton 
Cotton blister mite, Cecidophyes* gossypii (Banks). 
Distribution—Southern Florida; West Indies. 
Injur any came hairy deformations of shoots 
leaves, especially on young plants; de- 
aration of fruiting forms. 
Control—Destroy wild cotton which ‘serves as 
the perennial host. 
Ref.: Fife, 1937, Jour. Agr., Univ. of P. R., 21 
(2): 169. 
Currant 
Currant big-bud mite, Cecidophyes ribis (Nal.). 
Distribution—British Colum bia; elsewhere in 
North America?, Europe 
Injury—Causes ideal ‘terminal bud-galls 
to appear in the summer; deforms plant; 
bears a relation to reversion disease. 
Control—Spring application of lime-sulfur 
when flower racemes appear. 
Ref.: Massee, 1927, Bul. Ent. Res., 18: 179. 
Massee, 1928 Bul. Ent. Res., 18: 297. 
Fig 
Fig bud mite, Aceria ficus (Cotte). 
Distribution—California, Southern Europe. 
Injury—Damages buds of young trees; in fruit. 
Ref.: Baker, 1939, Bul. Cal. Dept. Agr., 28 (4): 
266. 
Bik fig leaf mite, Rhyncaphytoptus fici- 


Distribution—California; Southern Europe? 

Injury—None observed, but may be common 
on undersides of leaves. 

Ref.: Baker, 1939, Bul. Cal. Dept. Agr., 28 (4): 
273. 

Filbert 
Gilbert big-bug mite, Phytoptus avellanae Nal. 

Distribution—Europe, North America. 

Injury—Produces terminal bud gall; prefers cer- 
tain varieties of cultivated filberts; not seen 
on wild filberts in California, but infests the 
wild plants in the East. 

Ref.: Massee, 1930. Bull. Ent. Res., 21: 165; 
Keifer, 1940, Bul. Cal. Dept. Agr., 29 (2): 


112, 

Filbert bud mite, Cecidophyes vermiformis (Nal.). 
Distribution—Europe, North America. 
_Injury—An inquilin in the big buds. 
 Ref.: 1944, Bul. Cal. Dept. Agr., 38 (1): 24. 

Filbert leaf mite, Coptophylla lamimani (K.). 
Distribution—California. 

Injury—Common on filbert leaves. 
Ref.: 1939, Bul. Cal. Dept. Agr., 28 (6): 419; 
1944, Bul. Cal. Dept. Agr., 33 (1): 26. 


4 Cecidophyes in a segregate of the older conception of Erio- 
phyes; see Bul. Cal. Dept. Agr. V. 33, No. 1, p. 24, Apr.13,1944, 
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Grape 

Grape erineum mite, Eriophyes vitis (Pgst.) 
Distribution—Wherever grapes are grown. 
Injury—Forms undersurface erineum patches 

on the leaves, occasionally overrunning and 
i Ra the whole leaf; the bud form blasts 
uds. 

Control—Sulfur dusts for mildew, and pruning 
practices reduce this mite to a negligible 
status in most cases; the bud form may be 
harder to control. 

Ref.: Essig & Hoskins, 1944, Cal. Agr. Ext. Ser. 
Cire., 87: 73. 

Grape rust mite, Calepitrimerus vitis (Nal.). 
Distribution—Probably wherever grapes are 

grown. 

Injury—Rusting of leaves. 

Control—Probably about the same as for the 
erineum mite. 

Ref.: 1942, Bul. Cal. Dept. Agr., $1 (8): 112; 
Stellwagg, 1931, Anz. Schadlingsk, 7 (7): 73. 

Big-beaked plum mite, Diptilomiopus gigantor- 

hynchus (Nal.) 

Occasionally on grape leaves; see plum. 

Grass (Timothy, wild rye, and others). 

Cereal rust mite, Abacorus hystrix (Nal.)! 
Distribution—North America, Europe. 
Injury—Discolors timothy leaves and kills tip 

of plant. 

Se ee dust and calcium cyanamide 

ust. 

Ref.: Pepper, 1942, Jour. Econ. Ent., 35 (2): 
201 


Grasspsikelet mite, Aceria tenuis (Nal.). 
Distribution—Middlewestern States, Europe. 
Injury—Deforms spikelets. 

Ref.: Ewing, 1922, Proc. Biol. Soc. Wash., $4: 
100, 
Ivy (Hedera) 

Ivy bud mite, Phytoptus hedericola K. 
Distribution—California. 
ae oe and deforms leaves; especially 

bad on potted nursery plants. 
Ref.: 1948, Bul. Cal. Dept. Agr. 32 (8): 212. 
Juniper 
Juniper bud mite, Phytoptus quadrisetus (Thom.). 
Distribution—Eastern United States, Europe. 
Injury—Deforms berries and needles; a very 
similar mite, Phytoptus cupressi K., forms 
terminal swellings on Monterey Cypress in 
California. 

Ref.: 1928, Insects N. Y., Cornell Univ. Mem. 
101; 1944, Bull. Cal. Dept. Agr., 38 (1): 19. 

Maple 
Maple bladder gall mite, Vosates quadripedes 

Shimer. 

Distribution—Eastern United States. 

Injury—Forms pouch galls on upper-leaf sur- 
face, sometimes deforming many leaves 
(silver maple). 

Control—Winter lime-sulfur. 

Ref.: Herrick 1935, Insect Enemies of Shade 
Trees, 199. 

Maple spindle gall mite, Vasates aceris-crumena 

(Riley). 

Distrubition—Eastern United States. 

sas ar elongate galls on upper-leaf sur- 
‘ace. 


Avr sad Callyntrotus hystriz Nal. or Epitrimerus hystriz 
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Ref.: Herrick 1935, Insect Enemies of Shade 


Trees, 202. 
(Many other Eriophyids listed on North 
American Maples.) 
Onion, Garlic, Tulip. 
Bulb Eriophyid, Aceria tulrpae (K.). 
Distribution—California, Texas, Mexico; Eu- 


rope. 

Injury—Feeds inside bulb layers, causing dry- 
ing; persists in storage. 

Ref.: 1988, Bul. Cal. Dept. Agr., 27 (2): 185: 
Liro, 1942, Int. Bul. Plant Prot., 16 (9): 118. 


Peace, Nectarine. 

Peace silver mite, Vosotes cornutus (Banks), 
Distribution—General in North America. 
Injury—Curls and spots young leaves: silvers 

mature leaves. 

Control—The curly-leaf application of lime- 
sulfur usually controls this mite: sulfur dust 
on leaves. 

Ref.: Essig & Hoskins, 1944, Cal. Agr. Ext. Ser. 
Cir., 87: 94. 

Pear 

Pear leaf blister mite, Eriophyes pyri (Pgst.) 
Distribution—whererever pears grow. 
Injury—The typical form blisters leaves and 

young fruit; the bud form kills flowers. 

Control—Lime-sulfur in fall when fruit is off, 
and with oil in early spring. 

Ref.: Essig & Hoskins, 1944, Cal. Agr. Est. Ser. 
Circ. 87: 99. (Similar mites blister leaves of 
Mountain Ash, and Service Berry.) 

Pear rust ie pyri (Nal.)* 

e 


Distribution neral, 
Injury—Causes early season browning of the 
leaves. 


Control—Sulfur dust or foliage oil. 
Ref.: 1926, Insects of Wn. N. Am.: 50. 
Pecan (Hickory also?) 

Pecan leafroll mite, Aceria caryae (K.). 
Distribution—Texas, other Southern States. 
Injury—Rolls edges of leaves on upper surfaces, 

the roll developing spongy structure inside; 
causes leaf-drop. 

Ref.: 1942, Nickels, Jour. Econ. Enr., 35 (6): 
948. 

Pine 

Pine needle-sheath mite, Phytoptus pini Nal. 
Distribution—General. 

Injury—Causes yellowing and dropping of 
needles, when severe: said to cause twig- 
knots in Europe. 

Ref.: Walther, 1925, Jour. Econ. Enr., 18 (6): 
830 


Plum, Prune, Cherry 
Plum nursery mite, Vasates fockeur (Nal. & Trt.) 
Distribution—General in Northern United 
States, Canada; Europe. 
es or TE and stunts foliage: rusts older 
eaves? 
Ref.: Putman, 1939, Ent. Soc. Ont. 7th Ann. 
Rept: 33. 
Plum bud gall mite, Aceria phloeocoptes (Nal.). 
Distribution—Eastern United States: Europe. 
2 The name, Epitrimerus pirifoliae K., is based on the pear 
rust mite as it occurs in California. Until further information is 
available pirifoliae will be suppressed in favor of pyri Nal. Ref: 
Bul. Cal. Dept. Agr. V. 27, No. 8, p. 309, 1938. Pasates schlec- 


li Nal. is su to be on pear but none have been found 
infesting that host to the best of the writer's knowledge. See 
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Injury—Deformation of fruit spurs, producing 
woody galls. 

Ref.: 1928, Insects of New York, Cornell Mem. 

101. 
Finger gall mite, Eriophyes similis prunianus 
Massee. 
Distribution—Eastern Canada. 
Injury—Forms elongate upper-surface galls on 
the leaves. 
Ref.: Massee, 1930, Ann. Mag. Nat. Hist. Ser. 
10, V. 6: 145. 
Big-beaked plum mite, Diptilomiopus gigantor- 
hynchus (Nal.). 
Distribution—General. 
Injury—Gradually browns the undersides of the 
leaves. 
Ref.: Putman, 1939, Ent. Soc. Ont. 7th Ann. 
Rpt: 38. 

A leaf vagrant, Phyllocoptes abaenus K. 
Distribution—California, Ontario. 
Injury—None observed so far, but a potential 

rust mite. 
Ref.: 1940, Bul. Cal. Dept. Agr. V. 29 (1): 30. 


Pomegranate 
Pomegranate leafroll mite, Aceria granati (Can.). 

Distribution—California, Southern Europe. 

Injury—Rolls and stunts the leaves. 

Ref.: 1938, Bul. Cal. Dept. Agr. V. 27 (6): 663. 

Poplar, Aspen 
Poplar bud gall mite, Aceria porapopuli (K.).5 

Distribution—Northern United States. 

Injury—Stunts growth by forming woody galls 
around buds. 

Ref.: 1940, Bul. Cal. Dept. Agr. V. 29 (1): 22; 
1928, Insects of New York, Cornell Univ. 
Mem. 101. A. populi (Nal.). 

Privet 
Privet rust mite, Vasotes ligustri (K.). 

Distribution—California. 

Injury—Browns leaves; severe infestations curl 
and stunt the young leaves. 

Ref.: 1938, Bul. Cal. Dept. Agr. V. 27 (2): 190. 

Privet bud mite, Aceria ligustri (K.) 

Distribution—California. 

Injury—None observed, but mites common. 

Ref.: 1943, Bul. Cal. Dept. Agr. V. 32 (8): 213. 


Sycamore 
Big-beaked ,sycamore mite, Rhyncaphytoptus 
plotani K 


Distribution—California. 
Injury—Browning of the leaves. 


1 The relationship this bears to Aceria populi (Nal.) may be 
varietal. 
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Ref.: Essig & Hoskins, 1944, Cal. Agr. Ext. Ser. 
Cire. 87: 121. 


Tomato 
Tomato russet mite, Vasates destructor (K.)? 

Distribution—California, Arizona, Colorado; 
Spain, Hawaii, Australia, New Hebrides. 

Injury—The mites cause browning and dying 
of the leaves and severely russet the fruit: 
the injury creeps up the stalks, and when 
the tips are reached the plant dies. 

Control—Sulfur dust, either straight or in 
combination with chemicals for other pur- 


poses. 
Ref.: Bailey & Keifer, 1943, Jour. Econ. Enr., 
36 (5): 706. 
Tomato fungus or erinose mite, Aceria cladoph- 
thirus (Nal.)* 
Distribition—Florida: 
Africa. 
Injury—Causes excessive hair growth on leaves 
and stems: known sometimes as white mold. 
Ref.: Watson—Fla. Agr. Exp. Sta. Bul. 125, 
1914. 


Walnut 
Walnut erineum‘ mite, Aceria erineus (Nal.)5 

Distribution—Probably wherever English wal- 
nut is grown. 

Injury—Forms large erineum patches on the 
leaves but is rarely serious; there may be a 
bud form of this mite. 

Ref.: 1944, Cal. Agr. Ext. Ser. Cire., 87: 131. 

Walnut purse gall mite, Aceria brac ae (K.).6 

Distribution—California, confined to Juglans 
californica and J. hindsit. 

Injury—Forms conspicuous purse or bag-like 
galls on the leaves; where numerous, the 
leaves are deformed. 

Ref.: 1939, Bul. Cal. Dept. Agr. V. 28 (3): 224; 
Ibid. V. 28, No. 5, p. $28, July 7, 1939. 

Walnut petiole gall mite, Aceria caulis (Cook). 

Distribution—Eastern United States on black 
walnut. 

Injury—Produces _ large 
growths on petioles. 

Ref.: 1940, Bul. Cal. Dept. Agr. V. 29 (1): 24. 


2 See also Massee: Bul. Ent. Res. V. 28, part 3, p. 403, Oct. 
1937. The name destructor may have to be sunk in favor of 
lycopersici Massee. 

+ The name “calacladophthora”’ is an incorrect spelling 

4 The approved common name is “walnut blister ~ 
the mite forms an ertneum. 

5 There seems no reason to retain the combination of gas 
atus erineus Nal. for this mite; see Bul. Cal. Dept. Agr. V. 
No. 1, p. 24, 1940. 

6 Formerly Eriophyes tristriatus (Nal.) 


in Ohio greenhouse: 


deforming hairy 


’ but 
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Effect of Cultivation on Florida Red 
Scale Populations 


Max R. Ospurn and Wiis Maruis, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


In recent years several investigators 
have reported that the condition of a 
citrus tree influences the abundance of 
scale insects found on it. According to 
Schweig & Grunberg (1936), a grove that 
is well fertilized and watered is likely to 
have heavier scale infestations than a 
poorly kept grove. Thompson (1939, 
1942) and Camp [1945] reported that 
populations of the purple scale, Lepi- 
dosaphes beckit (Newm.), were higher on 
citrus trees in which mineral deficiencies 
had been corrected, and that the principal 
factors involved in the scale increase were 
the greater amount of green, succulent 
foliage on the trees and the increased 
shading afforded by this foliage. 

In 1941, in connection with a study of 
the effects of cultural practices on the 
citrus rust mite, Phyllocoptruta oleivora 
(Ashm.), in St. Lucie County, Fla., it was 
observed that cultivated orange trees 
were more heavily infested with the 
Florida red scale, Chrysomphalus aonidum 
(L.), than similar uncultivated trees in the 
same grove. More recent work has con- 
firmed that observation, and this paper 
reports the results of a study of the effect 
of cultivation on Florida red scale popula- 
tions during the years 1942 to 1944. 

EXPERIMENTAL PROcEDURE.—The ex- 
perimental arrangement consisted of 8 
plots of orange trees, each approximately 
6 trees wide and 14 trees long, and cover- 
ing about 1 acre. Four replicates of each 
treatment (cultivated and uncultivated) 
were provided during the three seasons. 
Although the same plots were used 
throughout the experiment, the treat- 
ments were reversed in 1943 and again in 
1944, so that the same areas were not 
cultivated during consecutive years. Each 
year no two adjacent plots were treated 
alike. 

The cultivation was accomplished by 
disking one way between the trees and 
immediately repeating the operation at 
right angles. Hand hoeing around in- 
dividual trees followed each disking, 
because it was impracticable to disk close 


to each tree. Five cultivations were per- 
formed in 1942 and 1948 and four in 1944, 
In 1942 the plots were given the first 
cultivation in March and the last in 
September, in 1943 the first in January 
and the last in August and in 1944 the 
first in February and the last in August. A 
cover crop was grown on the uncultivated 
plots each season. Aside from the cultiva- 
tion all the trees from which the data were 
taken were treated alike. Sulfur was 
applied several times each year for the 
control of the citrus rust mite, but no 
treatments were applied for scale control. 

The trees selected for scale sampling 
were those centrally located in each plot, 
in order that they would receive the 
maximum influence of the particular 
treatment. The data for comparison of the . 
effects of the two treatments on infesta- 
tion were taken from outer leaves picked 
at random from each of the 40 trees in 
each treatment. In 1942 a sample from 
each tree consisted of 5 leaves, making a 
total of 200 leaves for the treatment. All 
living and dead stages of the scale were 
recorded from the entire surface of each 
leaf. In 1943 and 1944 the sample from 
each tree was increased to 10 leaves, 
making a total of 400 leaves per treat- 
ment. In 1943 only the living females 
(second and third stages) were recorded 
from lower leaf surfaces, and in 1944 both 
living and dead females were examined on 
lower leaf surfaces. The dead scales were 
classified as “parasitized,” “fungused,” or 
“other.” At times considerable mortality 
of the Florida red scale is attributed to a 
hymenopterous parasite, Aspidiotiphagus 
lounsburyi Berl., and to a species of ento- 
mogenous fungus, Nectria diploa Berk. & 
Curt. The recording of these additional 
data was thought desirable because there 
might be some question as to the effects 
of the two treatments on the numbers of 
scale parasites and the amount of fungus 
available to attack the scales. During the 
three seasons, infestations in each treat- 
ment were sampled at regular monthly 
intervals following the first cultivation, 
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Fic. 1.—Comparison of Florida red scale infesta- 
‘tions on cultivated and uncultivated orange trees, 
St. Lucie County, Fla. 


the sampling being continued through 
December of 1942 and 1943 and Novem- 
ber of 1944. For comparison of the in- 
festations during the three years in the 
two treatments, only living females from 
lower leaf surfaces were used. 

Previous experimental work has shown 
that inert residues may be responsible for 
increases in scale populations (Osburn & 
Spencer 1938). Since in the process of disk 
cultivation considerable dust and _ soil 
may be tossed into the air and may settle 
on the trees, this deposit was also con- 
sidered a possible factor contributing to 
the larger scale populations on cultivated 
trees. In order to determine the amounts 
of such deposits on trees in the cultivated 
and uncultivated areas, four samples were 
taken from each treatment in October 
1943 following five cultivations for the 
season. Each sample consisted of a 
composite of 100 leaves from each of 10 
trees, or 1000 leaves. Each sample was 
collected in a large paper bag, brought to 
the laboratory, placed in a large glass 
battery jar, covered with water, and 
allowed to soak for 24 hours. Then each 
leaf was washed singly in the same water 


4 z 4 
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in which it was soaked. The deposit was 
loosened by rubbing the leaf between the 
fingers while holding it under water, after 
which the leaf was discarded. The water 
containing the material removed from the 
leaves was poured on a 1060-mesh sieve, 
which screened out the scale insects but 
allowed the fine soil to pass through. The 
soil was then filtered from the water and 
was weighed, after being oven-dried at 
57° C. for 24 hours. 

Errect oF CULTIVATION ON SCALE 
PorvuLations.—Comparisons of the mean 
number of living female scales found at 
intervals during each of the three seasons 
on cultivated and uncultivated trees are 
presented graphically in figure 1. 

In April 1942, when samples were 
examined following the first cultivation, 
the numbers of scales found in the two 
treatments were about the same. In- 
festations dropped in May and June, but 
the numbers found in the two treatments 
remained about equal. Beginning in July 
and continuing through December, in- 
festations were considerably greater on the 
cultivated than on the uncultivated trees. 
The greatest difference was in October, 
when 1.35 scales were found per lower 
leaf surface on samples from cultivated 
trees and only 0.30 scale on similar 
samples from the uncultivated trees. The 
final cultivation was in September. Later, 
in November and December, on the 
cultivated trees the infestations were 
found to have dropped considerably, but 
still remained more than twice as high as 
those on the uncultivated trees. 

In January 1948, immediately following 
the first cultivation for that season, a few 
more scales were found on the unculti- 
vated than on the newly cultivated trees, 
and this continued to be true until the 
end of March. Such a condition was not 
unexpected because, as stated above, the 
uncultivated trees were the same trees 
that had been cultivated in 1942, and the 
difference in the infestation resulting from 
the treatments that year was reflected for 
a short period in 1948. In April and May 
the infestation increased slightly on the 
cultivated trees but decreased on the un- 
cultivated ones, and there was very little 
difference between the number of scales 
found in the two treatments. From the 
first of June through September infesta- 
tions were much greater on the cultivated 
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trees. The greatest difference was in 
July, when 1.22 scales per leaf were re- 
corded from the cultivated trees and only 
0.15 scale from the uncultivated ones. The 
last cultivation for the season was per- 
formed in August, and infestations on the 
cultivated trees gradually fell until in 
November and December there was no 
difference between the two treatments. 
After March the scale infestation on the 
trees in the uncultivated plots was low, 
and it remained approximately the same 
through the remainder of the year. 

In 1944 the first cultivation was in 
February, and from then until the end of 
June the infestations in the two treat- 
ments were about equal, both increasing 
to about the same extent in May and 
June. In July the number of scales in- 
creased in the cultivated area and de- 
creased in the uncultivated one. There 
was a decrease which continued until 
August, and from then through Novem- 
ber infestations remained about the same. 
The greatest difference between treat- 
ments was found in September, when 
a mean of 0.50 scale was recorded from 
the cultivated and 0.07 from the un- 
cultivated trees. The last cultivation was 
performed in August, and in October and 
November infestations on trees that had 
been cultivated dropped to about the 
same level as those on uncultivated trees. 
Differences between treatments were not 
so great in 1944 as in either 1942 or 1943. 

Infestations in the cultivated plots 
reached their greatest numbers in October 
in 1942 and in July in 1943 and 1944. On 
the uncultivated trees, after the experi- 
ment for each season was well under way, 


the greatest numbers of scales were found | 


in September in 1942, in July in 1943, and 
in June in 1944. Infestation peaks in both 
treatments appeared later in the season 
in 1942 than in 1948 or 1944. Even though 
considerable differences in infestation 
were found each summer or early fall 
between the cultivated and uncultivated 
trees, in the winter the populations on the 
cultivated trees dropped to about the 
same level as on the uncultivated ones. 
This dropping of population in the 
cultivated plots may have been caused 
by a definite slowing of scale development 
and reproduction due to cool weather, the 
increasing dormancy of trees causing 
them to have less succulent foliage, and 


probably by unknown natural factors. 

Errect oF CULTIVATION ON PARASITES 
AND Fune1.—The percentages of second- 
and third-stage female scales found 
parasitized or attacked by entomogenous 
fungi in the two treatments during the 
1944 season are presented in table 1. 


Table 1.—Florida red scales parasitized and 
fungused, St. Lucie County, Fla., 1944. 
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August..... 3.2 .6 6.8 11.9 
September 3.1 1.2 19.1 20.7 
October 1.5 1.9 27.3 22.8 
November. . 2.6 3.1 $2.0 30.2 

















There was very little difference between 
the percentages of scales found parasitized 
in the two treatments on any one date. 
They were slightly higher in the unculti- 
vated plots in March, April, and May, but 
in July, August, and September the 
reverse was true. The slight differences at 
different periods of the year in each treat- 
ment might be attributed to greater 
living-scale populations available for para- 
sitization rather than to a direct effect of 
the cultural treatments on parasite de- 
velopment. 

There was practically no difference 
between the percentages of scales at- 
tacked by fungi in the two treatments on 
any one date. Percentages of fungused 
scales in both treatments were consider- 
ably greater later in the season than they 
were in the beginning. These data indicate 
that neither the cultural practice nor the 
number of scales in the treatment affected 
the percentage attacked by the entomog- 
enous fungi. 

Errect oF CULTIVATION ON Deposits 
or Dust anp Som on TreEEs.—The 
amounts of inert deposits of soil or dust 
obtained from 4 samples of 1000 leaves 
from each treatment in October 1943 are 
given in table 2. It is very doubtful 
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Table 2.—Soil and dust deposits found on 
leaves of cultivated and uncultivated orange 
trees, St. Lucie County, Fla., 1943. 
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1 Each sample contained 1000 leaves. 


whether the slightly greater amount 
found on the samples from cultivated 
trees was entirely responsible for the large 
differences in scale populations between 
the cultivated and uncultivated trees. 

Errect oF CULTIVATION ON TREES.— 
The intensive cultivation during each of 
the three years stimulated the trees to a 
marked degree. The trees put on more 
growth, developed more green leaves, 
grew larger, and generally appeared to be 
in better physical condition than the un- 
cultivated trees, even though the culti- 
vated trees were more heavily infested 
with the Florida red scale than were the 
uncultivated ones. 
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SUMMARY AND ConcLusions.—A com- 
parison has been made of the numbers of 
the Florida red scale, Chrysomphalus 
aonidum (L.), found on orange trees grow- 
ing in cultivated plots and on those grow- 
ing in plots not under cultivation in the 
same grove. There were markedly greater 


-scale infestations on trees growing under 


cultivation than on uncultivated trees. 

The differences in the percentages of 
parasitized scales and entomogenous fungi 
found in the two treatments were very 
small. There was some evidence that a 
greater percentage of parasitization was 
associated with the larger living-scale in- 
festations, but this was not true of the 
percentages of fungus affected scales found 
in the two treatments. 

Disk cultivation increased the deposit 
of soil or dust on leaves very slightly. 
Orange trees subjected to intensive culti- 
vation were more vigorous and in better 
physical condition than those left un- 
cultivated, even though they were infested 
with more scales. 

It is concluded that tree stimulation, a 
result of cultivation, was the most im- 
portant factor in the development of scale 
infestations. 
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At tHE AAAS MEETINGS 


A special meeting of the Cambridge Entomologi- 
cal Club will be held in conjunction with the meet- 
ings of the A.A.A.S. in Room B-455, Biological 
Laboratories, Harvard University, Cambridge, 
Massachusetts at 8 p.m. Thursday, December 26. 
The meeting will be addressed by Professor Clarence 
H. Kennedy of Ohio State University. The subject 
of the address will] be ““The Child-Labor of the Ter- 
mites versus the Adult-Labor of the Ant Society.” 
An informal social gathering will follow. Visitors 
will be welcome. 
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The Sunflower Moth and Some of Its Natural Enemies 


A. F, Sarrertawarr and R. B. Swain, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


An investigation of the insects affecting 
the common sunflower, Helianthus an- 
nuus L., and other plants of the genus 
Helianthus was initiated in 1927 by the 
senior author. At that time the Southeast 
Missouri Sunflower Growers’ Association, 
growing 5000 acres of sunflowers annu- 
ally, desired aid in the control of insects 
attacking this crop. About a year pre- 
viously the Hershey Company had begun 
to produce them for oil in Cuba, and by 
1932 had about 73,000 acres in sunflowers. 
By September of that year the sunflower 
moth, known also as the flower webworm, 
Homoeosoma electellum (Hulst), (Drake & 
Harris 1926) had destroyed about 500 
acres, limited to Havana and Matanzas 
provinces, and had completely ruined the 
crop from some small fields. 

At the request of the Hershey Com- 
pany, S. C. Bruner, head of the Cuba 
Agricultural Experiment Station, under- 
took to utilize the natural enemies of this 
insect in its control. Arrangements were 
made with the United States Department 
of Agriculture to have a rapid survey 
made of sunflower moth parasites in the 
United States with the purpose of finding 
a promising species, easily reared, which 
might be introduced into Cuban sun- 
flower fields. Only one hymenopterous 
parasite, Apanteles homoeosomae Mues. 
(1933), and one dipterous parasite, Nemo- 
rilla floralis (Fallen), were known to affect 
this pest in Cuba, and neither of these ap- 
peared to be important. This work was 
undertaken at the Webster Groves, Mis- 
souri, laboratory of the Bureau of Ento- 
mology and Plant Quarantine, the Her- 
shey Company providing the services of 
the junior author during 1933. The infor- 
mation on the biology of the sunflower 
moth and its parasites, and the compara- 
tive importance of the latter, obtained 
during these studies, is summarized in the 
present paper. 

DistrIBuTION AND Host Piants.—In 
the course of these studies the sunflower 
moth was found to be destructive to the 
sunflower crop in Cuba, and in the Mis- 
sissippi Valley from Louisiana to Missouri 
and Illinois. In these areas it is one of five 


decidedly destructive pests of sunflower. 
In Cuba sunflower growers regard it as 
their only serious pest. In the field the in- 
jury caused by this insect is more con- 
spicuous than that due to any other spe- 
cies. 

In Missouri the earliest host plant 
found in the spring was Coreopsis grandt- 
flora Hogg. Then came the ornamental 
sunflowers, Heliopsis helianthoides var. 
pitcheriana Fletcher, Helianthus annuus, 
H. tuberosus L. (Jerusalem artichoke), a 
hybrid Helianthus the flowers of which re- 
semble dahlias, and Verbesina encelioides 
B. & H. 

Mr. Bruner reported that the most im- 
portant weed host in Cuba was Bidens pi- 
losa, known there as romerillo blanco, and 
that it was not heavily infested. 

Drake & Harris (1926) recorded the fol- 
lowing host plants in Iowa: African mari- 
gold, Tagetes erecta; French marigold, T’. 
patula; golden wave, Coreopsis tinctoria; 
crown of gold, C. coronata; tickseed, C. 
lanceolata; orange coneflower, Rudbeckia 
fulgida; camomile, Anthemis_tinctoria 
kelwayi; and Helianthus. 

Lire History anp Hasrtrs.—The egg 
of this moth is pearly white, elliptical, 
finely reticulated, from 0.63 to 0.80 mm. 
long, and from 0.28 to 0.27 mm. in diam- 
eter. 

The larva attains a length of about 19 
mm. It is purplish or reddish-brown with 
four longitudinal light blue-green stripes 
on its back. 

The pupa is about 10 mm. long and is 
reddish-yellow. It is slender, polished, and 
without spines. A few fairly long setae oc- 
cur about the caudal end. 

The adult is about 11 mm. long at rest. 
The wing spread is about 21 mm. 

The moth places her eggs singly or in 
small groups among or within the sun- 
flower florets, even within the tube formed 
by the united anthers. As the florets are 
close-set, eggs laid between them are 
nearly as well protected as those laid 
within them. The eggs laid in Coreopsis 
heads are similarly placed. Mr. Bruner 
obtained as many as 91 eggs from 1 fe- 
male. A female lays the majority of her 


575 








576 


eggs during a single day. The egg stage 
requires from 40 to 72 hours. 

Five instars were observed, the first re- 
quiring less than 4 days, the second 3 to 5 
days, the third about 5 days, the fourth 
1 to $ days, and the fifth 10 to 12 days. A 
series of individuals was carried through 
in cages from oviposition to issuance of 
adults, using eggs laid on or after Septem- 
ber 12. 

From its earliest activity the larva lays 
its delicate silk over the face of the com- 
posite flowers. In the early instars about 
eight times as many larvae feed on the 
florets as on the kernels. The silk binds 
the dying parts of the florets with the 
larval frass, giving the flower an exceed- 
ingly trashy appearance. By the time the 
larva is large enough to be readily seen, it 
has formed and is living within a tube of 
silk, which is usually tinged with green. 

As the achenes develop, the larva 
eventually feeds on them. It may cut a 
hole about 0.8 mm. in diameter or larger 
into the achene or achenes penetrated. In 
Heliopsis helianthoides var. pitcheriana 
the larvae were found tunneling the 
receptacle and occupying the hollow stalk 
beneath it. Infestations frequently are 
heavy enough to destroy all the seed in a 
single flower head, especially where there 
is only one head to a plant. 

When the larvae have finished feeding, 
they migrate in haste to find acceptable 
places in which to pupate. Whether after 
migrating they cut into the achenes, or 
whether only some of them make such 
' migration was not determined, but in the 
field as well as in the cages this behavior 
was conspicuous. Actively migrating 
larvae have been observed not only upon 
the heads, but also on the leaves and 
stalks, and hanging by threads of silk 
from various parts of the plants. 

The full-grown larva constructs a tough, 
open-mesh, close-fitting cocoon, from 
which it is almost impossible to remove 
either the larva or the pupa without 
injury. The cocoon may be in a silken 
tunnel among the achenes or within a 
single achene. 

Adults were observed in the field from 
June 28 to September 4, and were issuing 
in cages until November 5. Many larvae 
were taken June 17. Although no winter 
collections were made that would prove 
the manner of overwintering, it is as- 
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sumed that either the larval or the pupal 
stage is the hibernating form, as adults 
issuing November 5 were presumably 
forced by laboratory heat, and as many 
larvae taken June 17 yielded adults June 
28. No form was successfully carried 
through the winter. The time from ovi- 
position to issuance of adult was about 24 
days in midsummer on outdoor-growing 
plants, and about 34 to 38 days in mid- 
summer and autumn in cages. Thus, in 
the vicinity of St. Louis there might be 
at least four complete broods. The first- 
generation moths must have been in 
flight about May 15 to 21; the second, 
about June 28; the third, about August 2; 
and the fourth, about September 4. 

In Cuba, Mr. Bruner studied the life 
cycle from September to February. In 
September the last larval stadium re- 
quired only 3 days and the pupal stage 4 
to 8 days. The life cycle was 24 to 26 days. 
In November-December the pupal stage 
lengthened to 10 to 12 days, and in late 
January 6 to 29 days in the laboratory. 
In December the last larval stadium 
ranged from 4 to 17.5 days. Adults were 
kept alive from 6 to 17 days, being fed 
with flowers and sugar. Although the 
weather at Havana is mild all winter, the 
activity of this insect practically ceased 
in December. Mr. Bruner construed the 
increased time in the larval stage during 
the winter as evidence that this was 
normally the overwintering stage. In- 
festation in Cuba was heavy in September 
1932 and light in June 1933. The infesta- 
tion in September 1932 was the first 
noticed. 

OBSERVATIONS ON ParasitEes.—The 
survey to obtain parasites of the sunflower 
moth for propagation and shipment to 
Cuba was confined to a 6-month period 
from April to mid-September 1933. Search 
was made on Compositae in the Missouri 
Botanical Garden and other flower gar- 
dens in and near St. Louis before the 
commercial sunflower crop or wild sun- 
flowers were in bloom. The first sunflower 
moths were collected in Coreopsis grandi- 
flora on June 17. About 200 heads were 
collected from this host in one garden in 
Webster Groves, where 75 per cent of the 
heads were infested, some of which con- 
tained as many as 6 larvae. 

By July 10 the sunflowers were bloom- 
ing, and collections were made in the 
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St. Louis area in Missouri and Illinois, in 
southeastern Missouri, and at Covington, 
Louisiana. Larvae from these collections 
were caged individually in glass vials for 
issuance of parasites, and later for 
parasitization by adult parasites. An 
effort was made to secure nonparasitized 
larvae by bagging sunflower heads before 
they flowered and introducing adult 
moths after the florets had opened. No 
eggs or larvae were obtained by this 
method, however, and _field-collected 
larvae were used successfully as hosts on 
which to rear parasites in cages without 
confusion of parasite species. 

Pairs of adult parasites were caged in 28 
by 100 mm. glass vials or in wire-screen 
cages for observation of matings and of 
responses to host larvae introduced for 
parasitization. Water was furnished either 
as succulent sunflower plant tissue or as 
water-soaked cotton in a 9 by 35 mm. 
tube. Honey was furnished in a tiny vial 
filled with cotton, or within a split sun- 
flower achene placed inside the cage. 
Adult parasites were placed in an electric 
refrigerator during hot nights, or for 
longer periods. The development of 
parasites in the pupal stage was delayed 
by refrigeration or speeded up by in- 
cubation at 83 to 86° F. 

Sunflower moths.of varying sizes and 
stages were offered to the parasites for 
oviposition. They did not seem to be 
interested in the first three instars. To 
expose larvae to parasites for stinging, it 
was found convenient to transfer the 
adult parasites, and leave the larvae un- 
disturbed in their exposure cages. Shell 
vials with ordinary corks were generally 
used and proved very satisfactory. 

Lizophaga variabilis (Coq.) is a small 
larvaevorid fly about the color and pro- 
portions of the housefly, but decidedly 
smaller. It was not a frequent parasite of 
the sunflower moth, but an abundant 
parasite of a sunflower budworm, Suleima 
helianthana (Riley), and was reared from 
this host in sunflower in the St. Louis and 
in the southeastern Missouri areas from 
June to October, and from the budworm 
in Jerusalem artichoke in the St. Louis 
area from August to October. 

No deposition of eggs or larvae was 
observed. The full grown larva, which is 
about 5 mm. long and 1.2 mm. in diameter 
emerges from the host larva and forms its 
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puparium. In nature the larva probably 
buries itself in the soil to pupate. As a rule 
only one larva of this parasite develops in 
one host. In one instance, however, it 
seemed certain that two larvae had de- 
veloped and issued simultaneously from 
one host. The reddish-brown puparium is 
about 5.5 mm. long and 2.5 mm. in diam- 
eter. 

Anachaetopsis tortricis (Coq.) is a small 
larvaevorid fly about the size of Lixophaga 
variabilis, but with a darker, more glossy 
surface. It was reared abundantly from 
sunflower moth larvae collected from 
Coreopsis grandiflora, Heliopsis helian- 
thoides var. pitcheriana, and sunflowers in 
the St. Louis and the southeastern Mis- 
souri areas. Adults issued from June 30 
through October 11. No oviposition was 
observed. Several gravid females were 
dissected. Eggs which seemed ready for 
deposition were ovoid, about four times as 
long as thick, with one contour straight 
and the other convex. There was no 
evidence that larvae might be deposited. 
The maturing larva takes a position in 
the host pupa which permits the caudal 
spiracles of the larva to protrude beneath 
the tips of the wing pads of the host. 
These spiracles iorm a prominent Y. The 
host pupates before being killed by the 
parasite and the host pupal shell retains 
the fly puparium. There is only one 
parasite to each host. The time required 
for development was not learned. How- 
ever, one late-summer parasite became 
adult 50 days after the host was caged. 
The host larvae, which on examination 
showed no visible sign of parasitization, 
yielded adult parasites 16 days later. 

A large number of specimens of this 
parasite issued at one time and were 
placed in a cylindrical wire cage 12 inches 
in diameter and 24 inches tall to permit 
mating and flight. The cage was set over 
water and was draped with wet towels to 
supply humidity. Several other specimens 
were caged on the head of a sunflower 
growing in the garden. Though the species 
mated freely, no oviposition or parasitiza- 
tion was accomplished. 

Leskiomima tenera Wd. is an internal 
parasite belonging to the larvaevorid fly 
family. It was reared from several larvae 
of the sunflower moth collected in sun- 
flowers at Caruthersville, Missouri, Au- 
gust 4 and 31. The parasite forms its 
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puparium normally within the skin of the 
host larva. One parasite issued from the 
August 4 collection, 10 from that of 
August 31. Adults issued from August 31 
to October 6. Thus, this species seems 
narrowly adapted to hosts and to season. 
In one instance the length of the pupal 
period was between 28 and 36 days and 
in another it was between 9 and 18 days. 
There is only one parasite to each host. 

The puparium is about 5.77 mm. long 
and 2.15 mm. in diameter. At the middle 
it is terete, and the ends are somewhat 
depressed. 

The adult has a rufous body and face, 
and gray dorsum of thorax. It is about 6 
mm. long. 

Stiphophyto floridensis Towns., another 
larvaevorid fly, is a frequent parasite of 
the sunflower moth, the sunflower bud- 
worm, and the iris seed-pod _ tortricid 
Endothenia hebesana (Wlk.). Hosts were 
collected in the sunflower, the Jerusalem 
artichoke, Coreopsis grandiflora, and Iris 
germanica L. in the St. Louis area and in 
southeastern Missouri. 

Adults issued from June 20 to October 
31. The adult is 5 to 6 mm. long with wing 
expanse about 10 to 12 mm. Its color is a 
brownish gray. The proboscis is very 
slender, nearly one and a half times as 
long as the head is wide, with the distal 
end curved down. Only one larva develops 
in the host. The larva issues from the skin 
of the host and forms its puparium in con- 
tact with the host and within the host’s 
silken cocoon. The larva leaves the host 
in about 7 to 11 days. The puparium is 
about 5.5 mm. long, with caudal spiracles 
small, close-set and only slightly pro- 
truding. Nine days elapse between the 
formation of the puparium and the is- 
suance of the adult. From 16 to 20 days is 
sufficient for development from oviposi- 
tion to issuance of adult. Infested hosts 
were reared and 120 puparia observed. 
Several adults were caged together and 
provided with host larvae to secure deposi- 
tion of eggs. No mating was observed and 
no eggs were obtained. 

Microbracon mellitor (Say), a rather 
general parasitic wasp, was frequently 
obtained from collections of insects infest- 
ing sunflowers. It was reared from larvae 
of the sunflower moth collected from sun- 
flower in the St. Louis and southeastern 
Missouri areas; and from Heliopsis helian- 
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thoides var. pitcheriana, Verbesina en- 
celiodes, and Coreopsis grandiflora in the 
St. Louis area. It was also reared from 
larvae of the sunflower head cutworm, 
Stibadium spumosum Grt., and from un- 
identified hosts in sunflowers in south- 
eastern Missouri. Adults issued from 
July 27 to September 12 and some of them 
lived until November 20. One adult lived 
from September 8 to December 1. Only 
one parasite was reared from each host. 

The adult female is about 4.5 mm. long, 
not including the ovipositor, which is 
nearly as long as the abdomen. The insect 
is yellowish red. 

The larva feeds externally upon the 
body of the host.larva and spins a silken 
cocoon varying in color from white to 
brown. It is about 4.5 mm. long and 2 
mm. thick. Only one parasite to a host was 
recorded. Larvae were observed to sepa- 
rate from the host remains before spinning 
their cocoons. One larva was noted as 
small when first seen and large 2 days 
later. After 7 more days the adult issued. 
Thus the pupal stage was about 5 days. 

Larvae of 61 sunflower moths, 1 
Laspeyresia caryana (Fitch), 1 Carpocapsa 
pomonella (L.), and 3 unidentified Micro- 
lepidoptera were exposed to females of 
Microbracon mellitor for oviposition, but 
none were stung. Several cages, each con- 
taining a single pair of adults, were made 
up, but no mating was observed. 

Two Microbracon nuperus (Cress.) 
adults issued June 29 from infested heads 
of Coreopsis grandiflora collected at 
Webster Groves, Missouri, on June 17, 
1933. Although these parasites were not 
discovered associated with their hosts, no 
possible hosts were found other than the 
sunflower moth larvae, and these were 
extremely destructive to the collected 
flower heads. 

Chelonus altitudinus Vier. proved to bea 
parasite of the sunflower moth and the 
sunflower head cutworm. This hymenop- 
terous parasite was reared from sunflower 
moth larvae collected in the St. Louis 
area in July and in southeastern Missouri 
in August, and from the sunflower head 
cutworm collected at Caruthersville, Mis- 
souri, on August 31. Only one parasite 
developed in each host. 

The adult is about 4 mm. long, robust, 
and black. Several cages were made up 
with one male and one female in each for 
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breeding, but no matings were observed. 
In all, sunflower moth larvae were offered 
three times, Feltia subgothica larvae twice, 
and unidentified microlepidopterous larva 
once, but no parasitization was obtained. 

Apanteles homoeosomae Mues. was an 
active parasite of the sunflower moth in 
sunflowers both in Cuba and in the 
Mississippi Valley. Specimens were sub- 
mitted to the Bureau of Entomology and 
Plant Quarantine by the junior author, 
and to the National Musem by S. C. 
Bruner, and to each inquirer the species 
was reported as new. It was later de- 
scribed by C. F. W. Muesebeck (1933). 

Specimens were reared from sunflower 
moth larvae and from unidentified host 
larvae collected in southeastern Missouri, 
in August and September. 

The adult female is mostly black and 
about 2.5 mm. long, exclusive of the ovi- 
positor which is about as long as the 
abdomen. The cocoon is white, about 4.5 
mm. long. The larvae left their hosts and 
spun their cocoons at about the eighth 
day. Only one parasite developed in each 
host larva. 

Either 10 or 11 females and more males 
were reared from the field-collected host 
larvae, and 66 host larvae were caged with 
them for parasitization; 55 stings were 
observed. Parasites developed to the 
cocoon stage in 22 larvae, from 4 of which 
adults issued, 1 male and 3 females. The 
period from oviposition to issuance of 
adult was about 12 days. Some of the 
adults lived about a month. 

Bassus buttricki Vier. was recovered 
frequently from insect-infested sunflowers. 
It was reared from both sunflower moths 
and budworms collected from sunflowers 
in August to October in southeastern 
Missouri, and from budworms taken from 
Verbesina encelioides at St. Louis. Of 43 
males and 24 females reared, 28 were from 
undetermined hosts. Adults issued from 
July 17 to September 29. 

The body of the adult is about 4.6 mm. 
long, the antennae are about 3.6 mm. long, 
and the ovipositor is as long as the thorax 
and abdomen together. The larva is white, 
with pellucid dots. When it has finished 
feeding, the larva constructs a whitish 
silken cocoon about 5 mm. long and 2.25 
mm. thick. Only one parasite normally 
develops from a host. The time from ovi- 
position to issuance of the adult is about 
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21 days. The pupal stage is sometimes 
less than 7 days. A number of cages were 
made up with one male and one female 
each, and were offered host larvae. Four 
pairs were observed to mate, but no 
stinging was observed. 

Macrocentrus ancylivorus Roh. is an 
occasional parasite of the sunflower moth 
and the sunflower budworm. From a col- 
lection of infested Ambrosia artemisiifolia 
L. (ragweed) growing at the edge of a 
sunflower field, numerous M. ancylivorus 
adults issued, at least one of which was 
from a larva of the sunflower budworm. 
Specimens of this parasite were reared 
from the same host species infesting heads 
of Jerusalem artichoke and sunflowers 
collected at Cross Keys, Missouri, and at 
southeastern Missouri, respectively. Only 
one parasite develops in one host larva. 
The mature larva leaves the body of the 
host and spins a silken cocoon. 

Angitia n. sp. was reared from 9 col- 
lections of the sunflower moth larvae in 
1933. Of these collections 2 were from 
Coreopsis grandiflora at Webster Groves, 
Missouri, in June, 3 from sunflower in the 
St. Louis area, and 4 from sunflowers in 
southeastern Missouri. Sunflower moth 
larvae and two naked bagworm larvae, 
Thyridopteryx ephemeraeformis (Haw.), 
were exposed to adult parasites issuing 
from the first four collections. In all 433 
sunflower moths, 9 sunflower budworms, 
and 2 bagworm larvae were subjected to 
the selective action of females of this 
parasite; 270 sunflower moths were seen 
to be stung, but no larvae of the other two 
species. 

Only one larva of Angitia n. sp. issues 
from one host larva. It is white when it 
issues. The spinning of the cocoon begins 
promptly and may require 2 or 3 days for 
completion. The finished cocoon is about 
8 mm. long and 3 mm. thick. Its color 
varies from light tan to nearly black. The 
female is about 10 mm. long, including 
the ovipositor. The male is about 6.5 
mm. long. In both sexes the general color 
of head, thorax, and abdomen is black, 
and that of the legs honey yellow. From 
oviposition to issuance of the larva re- 
quired 9 days or less, and from oviposition 
to the issuance of the adult about 20 days. 

Nineteen adults, consisting of five 
males and 13 females and one of which 
the sex was not noted, were reared from 
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hosts parasitized in the field. Three adults, 
reared indoors, were used in the breeding 
project. On October 19, 1933, 44 cocoons 
were sent to Mr. Bruner for rearing and 
release in Cuba. Delivery required 4 days. 
Twenty-eight adults issued, two of which 
died en route; all were males. The average 
longevity of these parasites was 23 days, 
the maximum 61 days. These adults were 
kept in corked 25 by 90 mm. vials, in an 
ordinary refrigerator, except for daily 
examination involving about 30 minutes. 
For food, honey was placed in a split hull 
of sunflower seed and pinned to the cork. 

Cremastus epagoges Cush. adults were 
reared from larvae of the sunflower bud- 
worm collected from Ambrosia artemisi- 
ifolia at the side of a sunflower field at 
New Madrid, Missouri, on August 25, 
1927, and from larvae of the sunflower 
moth in sunflowers in southeastern Mis- 
souri in August and September. The 
female is nearly 7 mm. long and the ovi- 
positor is about three-fourths as long as 
the abdomen. The species is very slender 
and the legs are long. Neither mating of 
the parasites nor stinging of subjected 
larvae was observed. 

One adult Perilampus similis Cwfd., 
almost certainly a secondary parasite, 
issued from a cocoon attached to a sack 
of sunflower heads infested mainly by the 
sunflower moth. The cocoon was without 
host remains. The collection was made at 
Sikeston, Missouri, on September 29, at a 
time when the sunflower moths were 
excessively numerous and very active, 
and it seems most probable that the sun- 
flower moth was the primary host. 

OrHER NATURAL Enemies.—H ydnocera 
pubescens Lec. is a predator in both the 
larval and the adult stages. It belongs to 
the family Cleridae. Larvae of this species 
occurred in the St. Louis and the south- 
eastern Missouri areas in sunflowers in 
July, August, and September, and in 
Heliopsis helianthoides var. pitcheriana at 
St. Louis on July 17. The larvae were 
wbserved feeding on both larvae and 
pupae of the sunflower moth and on an 
immature larva of the sunflower bud- 
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worm. Adults were observed to be present 
in the field from August 26 to October 10. 
The adult is about 4 mm. long, dark biue 
and hairy, and its elytra entirely cover the 
abdomen. The third thoracic segment and 
abdominal segments 1, 4, and 5 of the 
larvae are nearly maroon to whitish 
yellow on the dorsum and sides. In shape 
this larva is much like Chauliognathus 
marginatus (F.). 

Metarrhizium anisopliae (Metsch.) is an 
entomogenous fungus effective in con- 
trolling insect outbreaks under favorable 
conditions of moisture and temperature. 
It was found affecting a sunflower moth 
larva collected at New Madrid, Missouri, 
on July 28. 

SummMary.—At the request of sunflower 
growers in Cuba, through its Agricultural 
Experiment Station, a study was under- 
taken at the Webster Groves, Missouri, 
laboratory of the Bureau of Entomology 
and Plant Quarantine, to find a parasite 
of the sunflower moth, Homoeosoma elec- 
tellum (Hulst), suitable for introduction 
into the sunflower fields of Cuba. This 
study involved a survey of the distribu- 
tion of the moth and its host plants in the 
United States, and of its life history and 
habits. The search for parasites was made 
in Missouri, Illinois, and Louisiana. The 
single predator, Hydnocera pubescens 
Lec., and the following 12 insect parasites 
were reared: Lizophaga variabilis (Coq.), 
Anachaetopsis tortricis (Coq.), Leskiomima 
tenera (Wd.), Siphophyto  floridensis 
Towns., Microbracon mellitor (Say), Micro- 
bracon nuperus (Cress.), Chelonus alti- 
tudinus Vier., Apanteles homoeosomae 
Mues., Bassus buttricki Vier., Macro- 
centrus ancylivorus Roh., Angitia n. sp., 
and Cremastus epagoges Cush. 

Angitia n. sp. was reared in numbers, 
and 44 cocoons were sent to Cuba in 
October 1933; 28 males issued. Examina- 
tion of the dead forms showed that all 
were males. 

Metarrhizium anisopliae (Metsch.) an 
entomogenous fungus, was also found 
affecting the sunflower moth larvae col- 
lected at New Madrid, Missouri.-—8-1-46. 
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Rapid Vacuum Fumigation of the Body Louse 
with Methyl Bromide 


Purr C. Stong,' and Detmon W. LaHuz,! Sanitary Corps, 
Army of the United States 


During the course of World War II it 
became evident that the entry of large 
numbers of Prisoners of War into the 
United States and the return of American 
personnel from foreign countries might 
introduce serious diseases into the coun- 
try. One of the most important of such 
diseases is epidemic typhus fever which 
was known to be widespread in Europe, 
Asia, and Africa. 

It is definitely known that the Rickett- 
sia causing epidemic typhus fever is 
transmitted by human body live. It is 
probable but not certain that it is also 
transmitted by the human head louse. To 
the best of our knowledge the louse itself 
is not affected by the Rickettsia and is 
merely a carrier. The exact mode of trans- 
mission of the disease is not entirely clear. 
It is known, however, that Rickettsia can 
be recovered from the blood stream of an 
active case. The louse ingests some of 
these organisms when it bites an infected 
individual and the Rickettsia seem to live 
and multiply in its gastrointestinal tract. 
The body louse deposits these organisms 
with its feces when it travels around the 
body of a healthy individual on whom it 
feeds. The bite of the louse causes intense 
itching and when the individual scratches 
he rubs in some of the infected louse feces 
and the Rickettsia probably penetrate 
his body through the scratch abrasions. 
It is considered possible that Rickettsia 
may also penetrate the lining of the 
respiratory tract through the inhalation 
of dried powdered louse feces. Certain 
cases seem definitely to have been in- 
fected in this manner. 

The habits of the body louse and of 
the head louse are quite different. The 
former lives in the clothing of an infested 
individual and invades the surface of the 
body itself only to feed. The eggs are 
laid in the seams of the clothing. The 
head louse lives, feeds, and breeds among 
the hairs on the scalp. Its eggs are at- 
tached to the shafts of the hairs of the 
head near the scalp. The third type of 
louse which infests humans is the small 

1 Captain, Sanitary Corps, Army of the United States. 


pubic louse, commonly known as the 
crab louse. Its habits are similar to those 
of the head louse except that it lives only 
around the body and face hairs. To the 
best of our knowledge it does not transmit 
disease and is merely a nuisance. 

The life habits of the three types of 
lice indicate the methods which must be 
undertaken to eradicate them. Various 
types of insecticides are effective against 
the head and pubic lice. Obviously, to 
eradicate body lice all clothing and 
equipment must be completely disin- 
fested in a manner which will kill all 
adult forms and eggs. The classic method 
by which this may be accomplished is by 
the use of steam, either live or under 
pressure, and the method is highly ef- 
fective. However, woolen garments and 
leather and rubber goods are usually 
ruined by the procedure. Anyone who 
served in Europe during World War I 
can recall the condition of his clothing 
after it had been disinfested in a steam 
unit. With this in mind the Surgeon Gen- 
eral directed that methyl bromide gas be 
used as an alternative method whenever 
possible. The Department of Agriculture 
had done considerable work with this gas 
for the disinfestation of grain and green- 
houses and methyl bromide had proved to 
be a very effective louse killer, destroying 
both adult forms and eggs. It does not kill 
the lower organisms such as bacteria and 
Rickettsia, Consequently should an actual 
case of typhus fever be encountered pres- 
sure steam will always be necessary. 

The Surgeon General specified that at 
ports of embarkation in the continental 
United States all prisoners of war were 
to be completely disinfested by either 
steam or the methyl bromide technique. 
It was further directed that all incoming 
American personnel should be examined 
for louse infestation and that if any lice 
were found that individual and all of his 
contacts should be disinfested. Due to the 
effectiveness of DDT powder overseas it 
never became necessary to disinfest all 
inbound personnel as a routine practice. 

The original plant constructed at the 
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Hampton Roads Port of Embarkation, 
Newport News, Virginia, was designed 
for the use of methyl bromide at atmos- 
pherie pressure. The wooden fumigation 
chambers were patterned after those used 
by the Department of Agriculture but 
they did not prove satisfactory for the 
heavy duty encountered at a_ port. 
Methyl bromide is a highly penetrating 
gas at ordinary temperatures and it was 
obvious that tightly locked metal cham- 
bers would be necessary. Vacuum operat- 
ing against live rubber gaskets produces a 
tight joint in the simplest possible 
fashion. Furthermore, it was the feeling 
of all concerned at the port that vacuum 
would increase the penetration of the 
gas into the clothing bundles and would 
enhance the activity of the gas. This 
would in turn allow for a reduced time of 
exposure to the gas and would introduce 
a method by which the gas could be 
rapidly eliminated from the bundles. 

The present work was undertaken to 
investigate the possibilities inherent in 
the use of methyl bromide gas in a high 
vacuum for the elimination of the human 
body louse in both adult and egg stages. 

Originally the Office of the Surgeon 
General recommended, for atmospheric 
fumigation of body lice, a 30 minute ex- 
posure to 1 pound of methyl bromide gas 
per 100 cubic feet when the temperature 
of the clothing was above 70° F. These 
specifications were followed in the vacuum 
fumigation of louse infested clothing until 
criteria for the vacuum method could be 
determined. Tests were begun with meth- 
yl bromide gas in the vacuum fumigation 
of all stages of body lice to reveal the 
necessary information for fumigating 
louse infested clothing under various con- 
ditions, and to determine whether the 30 
minute exposure period could be safely 
reduced. 

An effort was made in conducting these 
experiments to approximate the tempera- 
ture conditions encountered during the 
fumigation of clothing at this port. It 
proved impossible to attain completely 
uniform temperature conditions for all 
experiments, but the experiments reveal a 
fundamental working picture of what can 
be expected in the rapid vacuum fumiga- 
tion of body lice when different dosages 
of methyl bromide gas are used under 
seven separate exposure periods. 
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The time of exposure to the gas was an 
extremely important factor since thou- 
sands of prisoners arrived with each 
convoy. The capacity of the original dis- 
infestation plant using atmospheric fumi- 
gation had been estimated at 150 men an 
hour. By changing to vacuum fumigation 
and rearranging the plant an average of 
550 men per hour were deloused by rou- 
tine over 24-hour periods during warm 
weather. This vacuum fumigation pro- 
cedure so effectively deloused the clothing 
and equipment of 131,451 German and 
Italian prisoners of war that no lice were 
reported reappearing on these men. 

APPARATUS AND EXPERIMENTAL PRo- 
CEDURE.—Since steel was not available, 
for building the fumigation chambers! 
during the summer of 1943, six 300-cubic 
foot cylindrical submarine net buoys, 12 
feet long and 5 feet 9 inches in diameter 
were procured from the Navy. These 
tanks were remodeled for vacuum fumiga- 
tion chambers as shown in figure 1. A 
hinged, free swinging door with a live 
rubber gasket was fitted to one end. The 
bulkhead in the center of each cylinder 
was cut away. Thirteen inches of concrete 
was poured for the floor leaving a total air 
capacity for the chamber of 261 cubic 
feet. Each chamber was equipped with 
the following: a sheet steel ramp, 2 inch 
breaker valve, 6 inch ventilator shaft with 
centrifugal exhaust fan, electrical con- 
nections and light, two 8 inch circulating 
fans, 49 feet of hot water heating pipes, 
immersion thermometer, vacuum gauge, 
gas introduction apparatus and two 2.5 
inch vacuum exhaust openings. The 
chambers were insulated on the outside 
with 2 inches of canvas covered asbestos. 
Each chamber accommodated three slatted 
fumigation carts, 323339 inches and 
each cart held the clothing of 20 men. 

The vacuum pump used in these ex- 
periments had an 11-inch stroke; a 24- 
inch cylinder head and was driven by a 
60-horse power electric motor. A slightly 
smaller pump was maintained at all 
times for emergencies. 

Preliminary tests with lice eggs flown 
from Florida? had revealed that all ages 


1 The authors are particularly indebted to Colonel Thomas M. 
Lowry, Medical Corps, Army of the United States, Port Sur- 
geon, Hampton Roads Port of Embarkation, who originally 
planned and supervised the construction of the vacuum cham- 
bers for fumigating body lice with methyl bromide. 

2 Original cultures of lice were furnished through the co- 
operation of Dr. E. F. Knipling, Senior Entomologist, Bureau 
of Entomology and Plant Quarantine, Orlando, Florida. 
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of eggs were not equally resistant to the 
gas. Consequently it was necessary to 
rear lice for these experiments. The louse 
colony was divided into three groups— 
eggs, nymphs and adults, and was held in 
an incubator at 27° to 29° C. Each morn- 
ing before the lice were fed, the adults 
were transferred to clean pieces of cloth 
and the eggs laid during the previous 24 
hours were placed in a dated container and 
incubated until used. The active stages 
were fed twice daily for 20 minutes by 
placing the squares of cloth containing 
the lice on the back of a man. 

Approximately 100 engorged nymphs 
and adults and 200 eggs from each collec- 
tion of eggs laid daily during the previous 
6 days were used in each experiment. To 
prevent eggs or active lice from scattering 
from the cloth during fumigation, each of 
the seven groups was wrapped in six 
thicknesses of cheesecloth and placed in a 
separate numbered cardboard container. 
The top and the bottom of each container 
was perforated with six quarter-inch holes 
for ventilation. The eggs and lice so pre- 
pared were kept in the incubator prior to 
some experiments. For other experiments, 
they were chilled at 6° C. for 24 hours be- 
fore fumigation. 

All equipment worn and carried by 
each man who was to be disinfested was 
packed in a separate numbered barracks 
bag and deposited in a fumigation cart as 
part of the routine disinfestation pro- 
cedure. In order to force the gas to pene- 
trate a greater depth of clothing in the 
experiments than in the regular delousing 
procedure, the seven test containers were 
placed in the center of 60 clean army 
blankets in the same type of fumigation 
cart. The blankets when folded four ways 
completely filled a cart. There were 16 
inches of blankets above, below and ou 
either side of the test containers of lice, or 
an equivalent of 120 layers of blankets on 
all sides in each experiment. This was 
actually much greater protection to the 
lice than was encountered under working 
conditions. 

Duplicating as closely as possible tem- 
peratures encountered during seasonal 
variations, blankets were placed in fumi- 
gation carts and held in a heated chamber 
or cold storage room until desired 
temperatures were reached. 

The regular procedure for sustained 





vacuum fumigation experiments con- 


sisted of: 


1, Placing a cart containing the lice and eggs previ- 
ously described into a chamber. 

2. Withdrawing the air until a 28.5 inch mercurial 
vacuum was reached. 

8. Introducing a measured dosage of the gas into 
the chamber. This brought about a slight reduc- 
tion in the vacuum depending on the amount of 
gas used. (The predetermined exposure period 
to the full concentration of the gas was timed 
from the instant the last of the gas entered the 
chamber until the vacuum was broken.) 

4. Breaking the vacuum by introducing outside 


air. 

5. Removing the gas from the clothing by three 
successive 25 inch “air wash” vacuums. 

6. Operating the exhaust fan for 1 minute, with the 
breaker valve open, to draw air currents to the 
rear of the chamber before opening the door to 
remove the fumigation cart. 


The seven containers were taken from 
the blankets, and the pieces of cloth 
holding the lice and eggs were transferred 
to numbered containers and returned to 
the incubator. The active stages of lice 
were inspected at half hour intervals to 
determine the kill and the eggs were 
checked daily for possible hatch. 

The procedure for dissipated vacuum 
fumigation varied from the sustained 
vacuum fumigation in one respect: the re- 
duction of the vacuum to 5 inches with 
outside air following the introduction of 
methyl bromide. The period of exposure 
was timed from the entrance of the last of 
the gas into the chamber until fresh air 
was introduced to reduce further the 5- 
inch vacuum to zero. The three air washes 
and the ventilation of the chamber fol- 
lowed as in the sustained vacuum fumi- 
gation. 

A total of five minutes was required to 
withdraw the air for the initial vacuum, 
the three air wash vacuums and the ven- 
tilation of the chamber. The influence of 
outside air temperature on the liquid 
methyl bromide and the quantity of 
liquid employed, varied the time for intro- 
ducing the gas from 10 seconds to more 
than a minute. Lice were actually sub- 
jected to the full concentration of the gas 
for definite periods of time as listed in the 
tables, but precautions necessary to elimi- 
nate all gas from the chamber required 
that the blankets remain in the chambers 
for an additional 4 minutes. 

The dosages used in the experiments 
were 0.50, 0.75, 1.00, 1.125, 1.25 and 1.50 
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pounds of methyl bromide per 100 cubic 
feet and the time of exposure varied from 
5 to 35 minutes, at 5-minute intervals. 
Dosage Xexposure factors were therefore 
above and below those recommended by 
the Office of the Surgeon General. Four 
or six experiments were run simultane- 
ously with variations in either the dosage 
or exposure. They were planned to pro- 
duce unfavorable to favorable results by 
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AGE OF EGGS IN DAYS 


Fic. 1.—A comparison of the total hatch of different 
ages of body lice eggs in 271 methyl bromide 
vacuum fumigation experiments. 


including at least one experiment in 
which lice survived with low dosages or 
short exposure periods. 
Discussion.—The metabolism of the 
lice and the activity of the gas were in- 
fluenced by the temperatures of the 
blankets, outside air and chambers at the 
time of fumigation. These temperatures 
were recorded, included in the tables and 
must be considered in the rapid vacuum 
fumigation of clothing with methyl bro- 
mide. The blanket temperatures in these 
experiments were taken at the center of 
the 60 blankets immediately following 
fumigation. The experiments included 
combinations of chilled and incubated 
lice in chilled and warm blankets to dupli- 
cate the variations in temperature that 
would be found in clothing and equipment 
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during all months. Only the outer layers 
of clothing were warmed during the 
fumigation procedure. The outside air 
temperature was an important factor 
during the cold winter months. The 
tanks containing the methyl bromide 
liquid were uncovered and the rapidity 
with which the methyl bromide entered 
the chambers was influenced directly by 
the surrounding air temperature. The 
outside air used in the dissipated vacuum 
procedure influenced the activity of the 
methyl bromide gas favorably during 
warm weather and less favorably during 
cold weather. The chamber temperatures 
were readily controlled and in the major- 
ity of the experiments were generally 
above 24° C. A few exceptions will be 
noted in experiments conducted in similar 
chambers at the Norfolk Army Base 
where higher temperatures were main- 
tained by use of a high pressure steam 
heating system. 

All lice are very active immediately 
after fumigation with methyl bromide. If 
the dosage and exposure have been ade- 
quate the lice will become paralyzed and 
will neither feed, breed nor oviposit before 
death. If the amount of gas or the time 
of exposure have been inadequate al- 
though fatal, the time elapsing between 
fumigation and the death of the last 
louse will be extended many hours by a 
small percentage of lice, and some will 
feed, breed and oviposit before death. 
The active stages have proven generally 
more resistant to the gas than the egg stage. 

The percentages of hatch of each of the 
six age groups of eggs in each experiment 
were calculated and recorded, and the 
results showed that eggs of the same age 
were uniformly resistant to the gas. When 
six age groups of eggs were fumigated at 
one time there was a marked difference in 
their resistance. This resistance was uni- 
form throughout the experiments. When 
hatch occurred in the eggs that were 2, 3, 
4, and 5 days old, there was less hatch or 
no hatch in the 1 and 6 day old eggs. As 
space does not permit this detailed in- 
formation, the totals of the eggs that 
hatched in 271 of 311 experiments are 
given in figure 1. All eggs in the excluded 
experiments hatched as a result of low 
dosages or insufficient exposures to the 
gas. If they had been included, the pic- 
ture of egg resistance to the gas would 
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have been distorted. The figures reveal 
that lice eggs are least resistant to the 
gas when less than 24 hours old and most 
resistant when 2, 3, 4 and 5 days old. If 
the egg stage were to be used in addi- 
tional experiments, only the 2, 3 and 4 
day old eggs would be needed because of 
their high resistance to the gas. This 
would enable a greater number of ex- 
periments to be carried out without in- 
creasing the colony of lice. The 2, 3 and 
4 day old eggs however, are less resistant 
under most conditions than the active 
stages of lice. 

One hundred and forty-eight of the 311 
experiments are included in tables 1, 2, 3 
and 4. The excluded experiments, in 
which the temperature conditions varied 
slightly from those included in the tables 
substantiate the reported results. As the 
factors of dosage, time of exposure, tem- 
perature of the blankets, outside air and 
chambers varied; and as the experiments 
used chilled or incubated lice, as well as 
sustained and dissipated vacuum pro- 
cedures, minute comparisons of the re- 
sults within one table or between any of 
the four tables are difficult to make. In a 
few cases the chilled and incubated lice of 
two experiments were fumigated within 
the blankets of the same cart at the same 
time and comparable results were ob- 
tained. The variable factors in the major- 
ity of non-concurrent experiments give a 
fundamental working picture of rapid 
vacuum fumigation for temperature con- 
ditions above 24° and below 10° C. 

Table 1 shows the results obtained with 
incubated lice in sustained and dissipated 
vacuum fumigation experiments with 
temperatures of the blankets, outside air 
and chambers above 24° C. to simulate 
summer temperatures. The lice were ex- 
posed to the full concentration of the gas 
for 5, 10, 15 and 20 minutes and the 
dosages ranged from 0.5 to 1.25 pounds of 
methyl bromide per 100 cubic feet. Prac- 
tically no differences were shown in the 
results obtained with sustained and dis- 
sipated procedures at summer tempera- 
tures. Both were effective and an ex- 
posure of 15 minutes to 1 pound of methyl 
bromide per 100 cubic feet was adequate 
to kill all stages of lice within a short 
time. The active stages became paralyzed 
soon after fumigation and neither fed, 
bred nor oviposited before death. 
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Table 1.—Incubated lice fumigated with 
methyl bromide gas at summer temperatures in 
sustained (S) and dissipated (D) vacuums. (Ap- 
proximately 100 nymphs and adults and 1200 
eggs of six age groups.) 
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Table 2 shows the results obtained in 
sustained and dissipated vacuum fumiga- 
tions with lice chilled at 6° C. for 24 hours 
prior to use. Temperature conditions in 
these experiments were encountered in the 
fumigation of clothing and equipment 
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during cold weather. The blanket tem- Table 2.—(Continued) 
peratures were between zero and 10° C., 
the temperatures of the chambers between 
24° and 31° C. and the temperatures of 
the outside air used to dissipate the 
vacuums were between 1° and 7° C. The 
dosages ranged from 0.5 pound to 1.5 
pounds per 100 cubic feet and the ex- 
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Table 2.—Lice chilled at 6° C. for 24 hours Thirty-five Minute Exposure 
prior to fumigation with methyl bromide in sus- . 1 o 2% 7 
tained (S) and dissipated (D) vacuums; blanket ee 44 
temperatures between 0° C. and 10° C. (Approxi- 
mately 100 nymphs and adults and 1200 eggs in 
six age groups.) 
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1 Less than 1% hatched. ; 
2 Surviving lice molted after fumigation. 
3 No eggs used in experiment. 
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posures from 20 to 35 minutes, at 5- 
minute intervals. 

When a comparison is made in this 
table between the sustained and dissi- 
pated procedures, the dissipated vacuum 
fumigation is found to be less effective in 
the shorter exposure periods and with 
the lower dosages. The cooling of the 
1925 methyl bromide gas by the dissipation of 
7 the vacuum with cold air lessens the ac- 
Twenty-five Minute Exposure tivity of the gas. However, the more 

he ; natural environment created for the lice 
with the dissipated vacuum partially 
compensates for the cooling of the gas. 
The experiments reveal that in either the 
sustained or dissipated procedure, when 
the clothing has been chilled below 10° C., 
the time of exposure must be extended to 
at least 35 minutes and the dosage in- 
creased to 1.5 pounds of methyl bromide 
per 100 cubic feet. 

It will also be noted in table 2 that in 
many experiments a small percentage of 
nymphs in the process of molting were not 
gs killed by the gas. In other experiments, a 
ge few lice in the process of molting may 
ER have brought about a prolongation of the 
pa period between fumigation and death of 
28 the last louse when the majority of the 
27 lice died in a shorter period of time. 
was Table 3 shows the results obtained with 
Hs incubated lice in sustained and dissipated 
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temperatures of the blankets were be- 
tween zero and 10° C. The temperature 
conditions in these experiments were sel- 
dom encountered in the fumigation of 


Table 3.—Incubated lice fumigated with 
methyl bromide gas in sustained (S) and dis- 
sipated (D) vacuums; blanket temperatures be- 
tween 0° and 10° C. (Approximately 100 nymphs 
and adults and 1200 eggs in six age groups.) 
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1 No eggs used in experiment. 
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Table 4.—Incubated lice fumigated with 
methyl bromide in sustained vacuum fumigation; 
chamber temperatures ranging from 25° C. to 
64° C. Dosage 0.5 pound per 100 cubic feet. (Ap- 
proximately 100 nymphs and adults and 1200 


eggs in six age groups.) 
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1 Less than 1% hatched. 
2 Surviving lice molted after fumigation. 
3 99% dead within two hours. 


clothing but such experiments were car- 
ried out to obtain a comparison with 
chilled lice fumigated under similar condi- 
tions as presented in table 2. The tempera- 
tures of the chambers were between 24° 
and 31° C., and the temperatures of the 
outside air used to dissipate the vacuums 
between zero and 7° C. The dosages 
ranged from 0.5 to 1.5 pounds per 100 
cubic feet and the exposures from 20 to 
35 minutes at 5 minute intervals. 

At low dosages and with short exposure 
periods the dissipated procedure was 
generally less effective than the sustained 
procedure. It will be noted that this was 
also true when chilled lice were used in 
similar experiments as shown in table 2. 
All eggs were killed in the sustained and 
dissipated procedures with longer ex- 
posure periods and higher dosages, and 
there was little difference in either pro- 
cedure in the length of time between 
fumigation and death of the last louse. 

Whenever incubated lice are found in 
chilled clothing, usually some lice are 
present which have been chilled for many 
hours. Consequently the same dosage 
Xexposure factors deduced from table 2 
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are recommended, namely, an exposure of 
at least 35 minutes to 1.5 pounds of 
methyl bromide per 100 cubic feet. 

High chamber temperatures were used 
in several sustained vacuum fumigation 
experiments as shown in table 4. These 
experiments were carried out at the Nor- 
folk Army Base in chambers of design and 
construction similar to those at Newport 
News but with a high pressure steam heat- 
ing system. They were conducted after the 
other experiments had been completed to 
determine the effectiveness of high cham- 
ber temperatures. The chamber tempera- 
tures varied from 25° to 64° C. The dosage 
of 0.5 pound of methyl bromide per 100 
cubic feet was used in all experiments. The 
temperatures of the blankets and the out- 
side air were generally between 23° and 
32° C. The periods of exposure were 10, 15 
and 20 minutes. Temperatures taken at 
the center of the blankets before and after 
fumigation revealed that the chamber 
heat did not penetrate to the center of the 
pile where the lice were located. 

These experiments indicate that the ac- 
tivity of the gas is greatly increased by 
the higher chamber temperatures and a 
greater kill of the eggs, and a quicker 
kill of the active stages of lice result. Al- 
though the dosage in these experiments 
was low, the table reveals that if high 
chamber temperatures could be main- 
tained by use of a high pressure steam heat- 
ing system, the dosage might be materi- 
ally reduced in rapid vacuum fumigation. 
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Table 4 also shows that at low dosages 
and with short exposures, the period of 
time elapsing between fumigation and 
the death of the last louse is inconsistent, 
because lice in the process of molting may 
extend this period by several hours, or 
even survive. 

SuMMARY.—Sustained or dissipated vac- 
uum fumigation with methyl bromide 
gas at the rate of 1 pound per 100 cubic 
feet for 15 minutes at temperatures above 
24° C. produce a complete kill of all 
stages of body lice. This was a reduction 
of 15 minutes in the time recommended 
by the Office of the Surgeon General for 
atmospheric fumigation. 

When clothing temperatures were be- 
tween zero and 10° C, the sustained and 
dissipated procedures were effective with 
exposures of at least 35 minutes and 
dosages of 1.5 pounds per 100 cubic feet. 
The sustained procedure is recommended 
at these temperatures as more reliable 
because with lower dosages and shorter ex- 
posures the dissipated procedure was less 
effective. 

It was noted that nymphs in the process 
of molting were more resistant to the gas 
when the lice were chilled prior to fumiga- 
tion. 

Eggs were invariably killed by lower 
dosages and shorter exposure than the ac- 
tive stages in either dissipated or sustained 
fumigation. The 2, 3, 4 and 5 day old 
eggs were more resistant than the 1 and 
6 day old eggs.—5-2-46. 





Corton States Brancu to MEET IN 
Bivoxti, Mississippi 


The annual meetings of the Cotton States Branch 
of the Association will be held in Biloxi, Mississippi, 
on January 15, 16, and 17, 1947. Headquarters will 
be at the Buena Vista Hotel in Biloxi. 

The Branch has extended a special invitation to 
members of industry and entomologists from other 
branches. of the Association, to attend these meet- 
ings and those fortunate enough to be able to take a 
winter vacation on the Gulf Coast should find the 
meetings not the least of the attractions offered by 
such a trip. 

The Chairman for the meetings will be Mr. R C. 
Gaines, Vice-Chairman Mr: J. A. Berley while the 
efficient Secretary, Dr. John T. Creighton will, as 
usual, control the steering gear. 
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During a systematic study of repellent 
materials to protect animals from adult 
flesh flies, investigation was undertaken of 
toxic or repellent action of these materials 
toward larvae of Lucilia sericata (Meigen). 
Not only would larvicidal action reinforce 
the prophylactic value of fly repellents, 
but it would allow complete treatment of 
a fly-invaded wound by one application. 
A rapid preliminary test for evaluating 
the unusual toxicity and repellence re- 
quirements of a larval repellent was 
needed. A suitable quick screening test 
was developed and used to evaluate 
several series of organic compounds in- 
cluding dichloro dipheny] trichloroethane 
(DDT) and hexachlorocyclohexane. 

To test larvicides several interesting 
laboratory methods have been used. Hob- 
son (1937) absorbed a nutrient solution of 
7 per cent Loeffler’s dried serum and 1 per 
cent Marmite plus toxicant on a pad of 
cotton wool and let larvae feed on them. 
Hoskins et al. (1941) incorporated toxi- 
cants into a synthetic diet of casein, 
yeast, and butter, in agar solution, and 
determined the lowest concentration of 
toxicant necessary to cause complete mor- 
tality of flesh fly larvae. McCulloch 
(1940) incorporated toxicants into ground 
meat, cultured larvae on the meat in 
calico covered containers for 24 hours, 
then uncovered the containers and placed 
them in sand-filled breeding jars and 
noted inhibition of pupation. Dead larvae 
were counted at intervals to determine 
speed of kill. Lennox (1940) in an excellent 
examination of toxicants to blow fly lar- 
vae, cultured them on a medium com- 
posed of yeast, sodium chloride, and agar 
or egg white to which the toxicant was 
added. Toxicity was measured by growth 
retardation and rate of mortality. Rela- 
tion of contact time to kill was also deter- 
mined by removing larvae at known in- 
tervals from a poison media to a poison- 
free media. 

In the foregoing methods little quan- 


1 Contribution from the laboratory of insect physiology and 
toxicology, Division of Entomology and Parasitology, Uni- 
versity of California. 

2 First paper in a series on “The Insecticidal Effects of Organic 
Compounds.” 


Toxicity and Repellency of Certain Organic Compounds 
to Larvae of Lucilia sericata' 


Erwin S. Loerrier and W. M. Hoskins 
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titative evidence is available as to the 
repellency of the toxicants, although Hos- 
kins et al. differentiated between starva- 
tion toxicity due to repellency of the food 
and toxicity from contact or stomach 
poisoning. Lennox, too, noted larvae wan- 
dering or crawling away from media to 
the walls of the culture bottle, especially 
when higher concentrations of toxicants 
were incorporated into the media. 

The toxic and repellent properties of a 
larvicide for myiasis treatment have a 
unique relationship. For most insect con- 
trol, an immediate toxic action of a con- 
tact poison is desired; however, because 
of the nature of a myiotic invasion, this 
immediate kill may be objectionable since 
it necessities the removal of dead maggots 
from wound sinuses after treatment. This 
is usually a difficult hand operation that 
aggravates the wound and increases the 
possibility of restrike, but it is necessary 
to avoid septic effects from dead maggots. 
This is unavoidable when a rapid acting 
material such as benzene is used as a 
larvicide. An ideal myiotic wound treat- 
ment would both kill maggots and cleanse 
them from the wound, thus speeding 
wound granulation and removing a cause 
of restrike. Such a larvicide would have a 
delayed but positive toxicity and a strong 
larval repellency; toxic action would thus 
be delayed sufficiently to allow maggots 
to be repelled from the wound to the sur- 
rounding wool and yet die before restrike 
could occur. To the 10 criteria for a good 
wound dressing given by Lennox (1941) 
may be added the property of driving 
larvae from the wound. Dead larvae well 
scattered in the wool would soon dry up 
and fall off without presenting a danger 
to the animal. The commonly used 
toxicity or repellency tests may not evalu- 
ate a material according to these criteria. 
Rather, a test combining delayed toxicity 
and repellency and simulating the special 
conditions met in a myiotic wound would 
be required. 

In addition, to be effective a material 
must first penetrate down into the wound 
and contact the larvae; thus a suitable 
larvicidal repellent must penetrate both 
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the oily and aqueous phases present in a 
myiotic wound. Wool has a yolk which is 
primarily an ether-soluble fraction de- 
rived from the sebaceous glands and a 
water-soluble “suint” derived from the 
sweat glands. Long wool is advanta- 
geously removed from around bad wounds 
(Knipling 1942) but the remaining wool is 
often thoroughly wetted by the aqueous 
exudate from the suppurating wound. 
Penetration, repellency, and delayed toxic- 
ity are the chief factors in the choice of a 
wound prophylactic. 

The development of a laboratory test to 
evaluate these factors required rather 
extensive experimentation but a simple 
test method was evolved. Since the myiot- 
ic wound is essentially a larval culture 
thoroughly impregnating the immediate 
surrounding area with blood, fluids, and 
excrement, 2, situation simulating an in- 
fested wound was obtained by allowing 
larvae to form sinuses in an agar medium 
covered by raw wool. After treatment 
with toxicants, the agar cultures were 
placed in close proximity to unsprayed 
agar food cultures so that larvae could 
migrate at will, similar to the situation 
in a wound. The mechanical details of the 
test method are briefly described in the 
next paragraph. 

EXPERIMENTAL ProcepureEs.—Fifteen 
second-instar maggots from a_ stock 
colony reared on fish heads were placed 
in small stender dishes containing 20 cc. 
of an artificial food of casein, yeast, agar, 
and butter (Hoskins et al. 1941) covered 
with a pad of raw wool which was pressed 
down closely. The dishes were then 
covered with glass lids and placed in a 
constant temperature cabinet (25° C., 
R.H. 50 per cent) for 24 hours to allow 
the maggots to become established in the 
food. The larvae started eating on and 
into the agar medium in a short time, 
making typical sinuses and impregnating 
the surrounding wool with their exudate. 
The loose lids allowed considerable ven- 
tilation but prevented any appreciable 
drying of the medium. 

After 24 hours the stender dishes were 
taken from the cabinet, their glass lids 
removed and the contents sprayed with 
5 cc. of a solution of the desired toxicant 
from a precision sprayer. The sprayer and 
dish holder were rigidly mounted within a 
draft-free glass cabinet and checked for 
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accurate delivery of spray at frequent in- 
tervals. Each uncovered dish was placed 
immediately in a wide mouth pint mason 
jar containing unsprayed agar food me- 
dium; the jar was closed with a screw-on 
wire mesh top and put back into the con- 
stant temperature cabinet. The larvae 
were all in the third instar at this time. 
At 2 and 12 hour intervals the jars were 
inspected for toxicity and repellency to 
larvae. Since the larvae were not taken 
out for close examination at the 2 hour 
interval, the figures for mortality are only 
approximate and sometimes slightly in- 
consistent with those gotten by careful 
examination at the 12 hour interval. The 
tests were evaluated on the following 
bases: 

(1) The larvae leaving the sprayed 
stender dishes for the surrounding mason 
jar gave a measure of the repellency of the 
spray, except in cases of immediate toxic 
effect (Tables 1, 2 and 8. 

(2) The larvae dying in the stender 
dishes within the 2 hour period (Tables 
1, 2 and 8, column 4) gave a measure of 
rapid mortality which would largely pre- 
vent escape of the larvae even if they were 
repelled. Those dying within the 12 hour 
period (Tables 1, 2 and 3, column 7) in- 
cluded in addition those larvae which died 
more slowly and, in cases shown in tables 
2 and 3, were prevented from migrating 
by the onset of toxic effects, since the sol- 
vent Cellosolve tended to repel them. 

(3) The number of larvae dead in the 
unsprayed mason jars indicated a de- 
layed mortality that occurred only after 
they were repelled from the stender dishes 
(Tables 1, 2 and 3, columns 5 and 8). 

In all cases the unsprayed control 
larvae run simultaneously exhibited no 
repellency and negligible mortality and 
would migrate from the favorable food 
source only to pupate, which occurred 3 
to 4 days hence. Five trials were run on 
each material with an equal number of 
controls, and values given are the average 
of all trials. A standard comparison spray, 
5 per cent Lethane 384, was used occasion- 
ally to check constancy of reaction of the 
larvae. 

Resvutts.—If the assumption is valid 
that the criteria for a good larvicide are 
repellency plus delayed mortality, then 
an ideal additive property for an adult 
fly repellent would be to repel completely 
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and then kill all the maggots. Thus the 
repellency plus delayed mortality gives, 
for the purposes of comparison, a numeri- 
cal rating of the effectiveness of the 
larvicides. Similarly, rapid mortality plus 
the delayed mortality gives the orthodox 
measure of total toxicity, although ex- 
posure time to the toxicants depends upon — 
how soon the larvae migrated. In order 
not to underestimate the effects of the 
more slowly-acting chemicals, it is pref- 
erable to use the results obtained at the 
12 hour inspection though, with a few 
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Table 1.—Repellency and mortality resulting from spraying third instar larvae of Lucilia sericata. 
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Others, such as Lethnae 384, dichloro 
diphenyl trichloroethane (DDT), and 
hexachlorocyclohexane, are well known 
toxicants. The sprays usually contained 
5 per cent by volume of the liquid chemi- 
cals in Cellosolve. The solids were used at 
the rate of 5 grams per 100 cc. total vol- 
ume. Since the Cellosolve imparts an 
initially high repellency to the spray 
(Table 1), any decrease in repellency after 
the addition of the test materials should 
be due to a rapid toxic action which pre- 
vented migration. Five per cent may not 








2 Hours Arrer SpraYIna 


12 Hours Arrer SPRAYING 
(7) (8) 














CompouNpDs 
(1) (2) (3) (4) (5) (6) 
Concen- Mortality (per cent) Mortality (per cent) 
tration 
in Repel- Inside Outside Repel- Inside Outside 
volume lency sprayed sprayed lency sprayed sprayed 
Name and formula (per cent) (per cent) area area (per cent) area area 
Alcohols and Acetates 
butyl alcohol 100 15 79 3 15 85 3 
+ 
butyl! acetate 100 12 86 1 12 87 7 
‘+H ,COOCH; 
Cellosolve? 100 75 0 1 97 1 5 
C:H,OCH:CH:0H 
Cellosolve acetate 100 40 58 5 40 62 22 
CH,COOCH:CH:0C:H; 
Cellosolve acetate 5 90 4 6 90 10 7 
kerosene 95 
butyl Cellosolve 100 33 60 11 32 71 12 
C,H,OCH:CH:0H 
butyl Carbitol? 100 60 39 $1 60 41 28 
C,H,OCH:CH.OCH:CH:0H 
butyl Carbitol acetate 100 31 60 22 34 66 22 
CH,COOCH:CH:GCH:CH:0C.N» 
butyl Carbitol acetate 75 37 37 19 51 46 23 
water 25 
phenyl] Carbitol 100 22 57 9 30 68 9 
C.H,OCH.CH:0CH:CH.0OH 
83 34 56 16 41 56 17 


phenyl 
Cellulosolve 57 





Petroleum fractions 
kerosene 100 64 10 9 71 41 1 
Oil No. 100 0 0 0 10 3 5 
Oil No, 24 100 30 1 0 0 36 1 





1 Cellosolve is the trade name of ethylene glycol monoethy] ether, C:HsOCH:CH:OH 


2 Carbitol is the trade name of diethylene g 
3 Oil No. 1: Petroleum oil, viscosity § 


exceptions, these differ but little from the 
results at 2 hours. 

The first group of materials tested 
(Table 1) were potential carriers, 7.e., 
suitable vehicles for carrying toxicants 
and repellents into the wound. The toxic 
and repellent action of many of the ma- 
terials would make them a functional part 
of the spray. 

Toxiciry AND REPELLENCY TO 3RD 
InstarR LarvaEe.—A total of 38 materials, 
the majority containing sulfur in an or- 
ganic molecule, were examined (Table 
2). Many of these had been tested previ- 
ously as repellents for adult blowflies. 


4 Oil No. 2: Petroleum oil, viscosity SSU @ 100°F = 50, unsulfonatable residue 70%. 


ycol monoethyl ether, C:HsOCH:CH:OCH,CH.OH 
SSU @ 100°F =46, unsulfonatable residue 87%. 


have been the optimum concentration for 
all materials, but it allowed a relative 
basis of comparison which should serve to 
screen out promising materials. Spray A 
is included in the materials tested to ob- 
tain practical information on its repellent 
and toxic effect on larvae. This spray, 
composed of 50 per cent by volume Plas- 
tol, 20 per cent by volume carbitol ace- 
tate, and 30 per cent by volume di- 
methallyl disulfide, was found to be an 
excellent adult fly repellent to ovipositing 
Lucilia sericata in laboratory experiments 
and field trials on sheep.! 
1 Unpublished work, Loeffler & Hoskins, 1939-41. 
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Table 2.—Repellency and mortality of third instar Lucilia sericata larvae resulting from spraying 
‘with a repellent spray (Cellosolve) plus added toxicants. 
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¢ volume lency sprayed sprayed lency sprayed sprayed 
Name and formula (per cent) (per cent) area area (per cent) area area 











Thiocyanates 

butyl! thiocyanate 5 23 62 12 @7 73 23 

+6H»SCN 
methally! thiocyanate 5 77 15 29 85 15 

CH::C(CH;)CH:SCN 
bey ammonium thiocyanate 5 60 4 65 29 

‘i N 
5 


4 
Lethane 384 
yt per cent buty] Carbitol thiocyanate) 
C.H,OCH,C ,OCH;CH,SCN. 
Lethane 384 10 12 88 
a $84 special! 10 51 48 
5 82 10 


ieott - pwr - 69 22 
s)2CHCH.SCOCH; 
ae. butyl] acety] sulfide 75 25 
(CH) CSCC get 
tertiary butyl acetyl! sulfide 
kerosene . 48 47 
methally] sulfide 
CH::C(CH;)CH:SCH:(CH;)C:CH: 82 21 
kerosene 
thy! bens beasy sulfide 100 0 


33 33 71 


Methyl gee Tre Fy : 


ethyl eee sulfide : 70 29 
36 


phenoxathiin 
OC.H.SC.H, 
a | 


ony a ot thioether 


thctin 
ii cat.cH, OH 
a lene monothiodioxide 
OCH:CH.SCH:CH: 
ee) 


Disulfides 
n-buty] disulfide 
3(CH:) SS(CH:),CH; 
n-butyl —, 
wre disulfid 
CH:;:C(CH;) SSSCH:(C H,)C:CH; 
kerosene 
Nitrogen compounds 
var > bromamide 
H,;CONHBr 
ocietatinn 
NO: C.H.NH: 
diphenylamine 
orts. 5 
phenottintee 


[CH SCoHe 


garmin 
butyl] Carbitol acetate 
m-dinitrobenzene 
NO:CsH,NO: 
m-dinitrobenzene 
butyl! Carbitol acetate 
mono n-butyl! thiourea 
: C.H »NH SCNH: 


carbon tetrachloride 


CCkh 
butyl! Carbitol chlora 
Re OCH {CH,OCH.CH,OOCCH.C 
1 Cellosolve chloroacetate 
«H,OCH:CH:OOCCH.Cl 
tetra ie ethyiene yoo dichloride 
2CH:OCH:H:0OCH;CH:Cl 
evichloroly den 


CH:Cl 








1 Lethane 884 Special: 50% of a mixture of butyl carbitol thiocyanate and 8-thiocyano esters of higher fatty acids dissolved in 


kerosene. 
2 In weight/volume per cent. 
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Table 2.—(Continued) 














12 Hours AFrer SPRAYING 
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(5) (6) 
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(2) 
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2 Hours as SPRAYING 
































Concen- 
tration 


Mortality (per cent) 





Mortality (per cent) 

























cent) in Repel- Inside Outside Repel- Inside Outside 
volume lency sprayed sprayed lency sprayed sprayed 
ide Name and formula (per cent) (per cent) area area (per cent) area area 
ag dichloroethy! phthalate 5 57 7 1 84 13 9 
CeH.(COOC:H.C)): 
DDT . 5 36 _ 2 36 64 36 
dichloro dipheny] trichloroethane 
(CeH.Cl) »CHCCI; 
Benzene hexachloride* 5? 0 100 0 0 100 0 
(y-hexachlorocyclohexane) 
ole 
Benzene hexachloride 14 45 14 14 86 14 
Benzene hexachloride 0.12 — _- -_ 3 97 3 
Miscellaneous 
wr isobuty] ketone 5 60 29 0 54 43 0 
CH;COC,.H, 
methy] ethy] thioketone 5 33 6 0 83 6 0 
sCSC.H; 
tartar emetic 5? 
KSbC,H,0,-H,0 0 0 0 6 + 3 
water 1c0 
tannic acid 5? 
CreHs20 x6 8 0 0 18 0 0 
water 100 
benzene 100 0 100 0 0 100 0 
wail 10 
nzene 
buty! Carbitol acetate a 25 6 2 76 12 ® 
O-ethyl, S-methally! xanthate 5 80 12 3 75 23 16 
SC(OC:Hs)SCH:C(:CH:)CH:; 
Spray A® 100 _ _ _ 16 85 5 
carbitol acetate 20 
st 50 
methally! disulfide 30 
_— _ _ 63 31 10 





Spray A 5 


















3 Technical grade of DDT, setting point 91°C. 


hl Lah 








4 Recrystallized gamma isomer of 1, 2, 3, 4, 5, 6 





Toxicity AND REPELLENCY TO 4TH 
Instak LarvarE.—Toxicity and_repel- 
lency to 4th instar larvae are of lesser 
importance since these larvae are ap- 
proaching the non-feeding stage and soon 
leave the wound to pupate. However, a 
few experiments on 4th instar larvae were 
tried and the results are summarized in 
table 3. The decreased repellency without 
the compensating increased rapid mor- 
tality invariably found in $rd_ instar 
larvae, indicates that 4th instar larvae 
are not completely repelled by Cellosolve. 
Repellency is not as clearly defined in the 
4th instar tests since migration often oc- 
curs in the unsprayed control jars as the 
larvae approach the prepupal stage. Since 
it is impossible to distinguish between 
these two behaviors, they have been com- 
bined under the heading ‘“Repellency” 
in table 3, columns 3 and 6. In general 
the latter instar is more resistant to the 
action of the toxicants. 

PENETRATION ExPERIMENTS.—Pene- 
tration into the cuticle of an insect plays 
a major part in the contact action of an 























L, 
5 5 oe A: A very effective adult blowfly repellent, as proven by field trials. Unpublished work, Loeffler & Hoskins 1939-1940. 
§ Plastol is the trade name of an adjuvant for effecting the properties of spray olk 


s and is a polymerized butylene. 





insecticide. However, it is recognized that 
penetration to the maggot through wool 
and wound area must precede this in- 
tegument contact. McGovran (1938) and 
Knipling (1942) greatly increased larvici- 
dal action by the addition to toxicants 
of a wetting agent such as sulfonated 
castor oil. Since this latter penetration is 
important in the treatment of a myiotic 
wound, a simple test has been used to 
evaluate some of the typical carrier ma- 
terials. This test is similar to standard 
wetting tests used widely in the textile 
industry (Draves 1939) except that the 
sample is allowed to sink under its own 
weight instead of being pulled under by 
an anchor. 

The time necessary for complete sub- 
mergence of a uniform piece of raw wool 
staple (freshly sheared) in a cylinder of 
the test liquid gives an approximation of 
the speed of penetration and wetting of 
wool. Since the wound, even when sheared, 
is often surrounded by wool saturated by 
the aqueous exudate from the wound, the 
tests were repeated using a uniformly 
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water-wetted wool sample. Results are 
given in table 4. Times indicated are the 
numerical average of several trials; how- 
ever, the tests were found to be easily 
reproducible and deviations were slight. 
Discussion.—In considering the re- 
sults on mortality, notice must be taken 
of the unusual conditions of exposure in 
these tests. Since most of the compounds 
were contained in a repellent diluent, 
Cellosolve, and larvae could leave the zone 
of spray readily and quickly, the time of 
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cleansing of maggots from the wound is 
desirable. This overlooks any toxicity 
after the 4th instar. In a large number of 
cases of treated 2nd instar larvae, toxicity 
does occur in the prepupal or pupal 
stages (Hoskins e¢ al. 1941). It is well 
known that some toxicants, especially 
DDT, show a slow toxic action. 

If the results are interpreted in terms 
of the-practical control of fly wounds, the 
complete cleansing of wounds and killing 
of larvae could be obtained only by a ma- 


Table 3.—Repellency and mortality of fourth instar Lucilia sericata larvae resulting from spraying 
with a repellent spray (Cellosolve) plus added toxicants. 








Compounps 
(1) 


2 Hours Arrer SPRAYING 


(2) (3) 


12 Hours Arrer SprAyING 
(8) 


(4) (5) (6) (7) 





Concen- 
tration 


in Repel- 
volume lency 
(per cent) area area 


Name and formula (per cent) 


Mortality (per cent) Mortality (per cent) 


Inside Outside Repel- Inside Outside 
sprayed sprayed lency sprayed sprayed 
(per cent) area area 











Cellosolve 100 37 
C:H,OCH:CH:OH 
thiourea 51 23 
NH:CSNH:; 
thioacetamide 40 
CHy 2 
thioacetanilide 28 
on a reg 3 
morpholine 5 18 
oc HsCH.NHC H:CH; 
Dichlorethy] yhthalate § 35 
CHCOs *2H.C): 
Lethane 884 
(50% = Carbitol thiocyanate) 
(CsHOCH-CH-OCH-CH,SC N 


ge > dipheny] trichloroethane 
*  amiinecinines 
DD 


Benzene hexachloride 
(7 eemeeetenvipeonenens) 
¢ 6 


0 80 8 
85 
60 
74 
33 
49 


87 
64 


19 


46 
1 





1In weight/volume per cent. 


contact between spray and mobile larvae 
was very short in some cases. This prob- 
ably limited toxicity to contact action. 
Any unusual method of ingestion as by 
the cleansing of body parts due to an 
irritant, as suggested by many investiga- 
tors for other insects, is probably lacking 
with fly larvae. Most of the materials 
tried (with the exception of benzene and 
other volatile solvents) have relatively 
high boiling points so respiratory action 
is at a minimum. Similarly, structural 
changes of the chemicals by contact with 
the agar media which changes pH with 
maggot infestation (Michelbacher e¢ al. 
1932)- is of relatively little importance 
here. Lastly, the criterion of pharma- 
cological action was established at 2 and 
12 hours after spraying, since a rapid 


terial having a 100 per cent repellency 
and a 100 per cent delayed toxicity. 
None of the materials examined approxi- 
mate the 200 per cent total required for 
an ideal material. Among the toxicants 
(all at 5 per cent concentration) di- 
phenylamine has the highest total, 147 
per cent, and butyl carbitol chloroacetate 
with 141 per cent, epichlorohydrin with 
136 per cent, and methallyl thiocyanate 
with 128 per cent are all highly effective 
against the third instar larvae. Of the 
few materials tested on 4th instar larvae 
(Table 3), Lethane 384 at 10 per cent con- 
centration was most effective with a total 
repellency plus delayed mortality of 126 
per cent. 

Although specific compounds were 
being evaluated as additives for repellent 
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sprays, any relationship between chemi- 
cal structure and toxic action is of in- 
terest. In so far as possible, chemicals 
were picked in homologous series or re- 
lated groups; however, many series are 
incomplete so toxic action-structure rela- 
tionships must be suggestive rather than 
conclusive. A few conclusions concerning 
the speed and magnitude of toxic action 
seem justified from the results. 

In the glycol and diglycol alkyl ether 
series, total toxicity increased on replace- 
ment of the hydroxy group in the order of 
alcohol, acetate, thiocyanate, and chloro- 
acetate, the latter also having the greatest 
delayed toxicity. Thus in the butyl Car- 
bitol series the chloroacetate compound 
gives about the same total mortality as 
the analogous thiocyanate compound 
Lethane 384, which is 50 per cent butyl 
Carbitol thiocyanate in kerosene but the 
chloroacetate does not give the rapid mor- 
tality that characterizes the thiocyanate. 

Replacement of the ethoxy group in 
Cellosolve by a butoxy group increases the 
toxicity, and the replacement of the 
butoxy by a phenoxy group may have 
increased toxicity slightly. The replace- 
ment of the ethoxy oxygen by sulfur in 
Cellosolve to give ethylene glycol ethyl 
thioether increases the toxicity. This in- 
creased toxicity on replacement of oxygen 
by sulfur has been observed previously 
with the carbonyl oxygen and to a lesser 
extent with the phenolic oxygen. 

Unfortunately, none of the aliphatic 
sulfides or disulfides which are repellent 
to the adults are very toxic to the larvae 
at 5 per cent concentrations. The replace- 
ment of an alkyl group by a phenyl group 
as in ethyl benzyl sulfide did not increase 
toxicity. This is in agreement with Hos- 
kins et al. (1941) who found that the 
monosulfides and to a lesser extent, the 
disulfides were of low toxicity and that 
the substitution of an aryl for an alkyl 
radical usually decreased toxicity. Similar 
decreases in repellency and _ toxicity 
against codling moth larvae were noted 
when alkyl radicals were replaced by aryl 
radicals by McAllister (1930). The addi- 
tion of an acetyl group as in the alkyl 
sulfides or dehydrogenation of the alkyl 
radical as in the methallyl sulfides did not 
increase toxicity of the sulfides. 
Thiodiphenylamine (phenothiazine), a 
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cyclic sulfur compound, has a rapid 
toxicity, greater than that of any of the 
structurally related compounds. Thio- 
diphenylamine alone and in combination 
has been widely recommended for myiasis 
treatment (Parish & Knipling 1935) and 
many workers have found that any at- 
tempt to modify its structure decreased 
its toxicity (Lennox 1940) (Guy 1937); 
however, Parish & Knipling found that 
diphenylene oxide and phenothioxiin were 
nearly as effective as phenothiazine and 
possessed more favorable physical proper- 
ties. In the present work the diphenylamine 
nucleus alone gave a much higher delayed 


Table 4.—Rates of penetration of solvents 
through dry and wet wool. 











TIME To SINK 
IN SECONDS 

Dry Wet 

SOLVENTS Wool Wool 

Cellosolve 1 14 
Buty] Carbitol 3 2 
Oil #1 10 17 
Oil #1 plus 1% SS3? 10 8 
Oil #1 plus 5% SS3 9 9 
Oil #1 plus 5% SS3 plus 45% water 10 25 
Spray A 5 5 
Water 120 4 





an #1: petroleum oil, viscosity SSU@100°F=51; U.R. 
=99%. 
2SS3: a commercial emulsifying agent containing sodium 
oley] sulfate. fe 

3 See table 2 for composition. 


mortality although the total mortality is 
slightly less than that from the thio com- 
pound. Phenoxathiin, in which sulfur is 
replaced by oxygen, approaches very 
nearly the toxicity of phenothiazine. 

The high toxicity of some of the alkyl 
and alkoxy thiocyanates is well known. 
Butyl thiocyanate has a high toxicity but 
replacement of the butyl by the unsatu- 
rated methallyl grouping greatly de- 
creases both speed of action and total 
toxicity. The introduction of an am- 
monium group to the butyl compound 
further reduces toxicity. At the concentra- 
tions examined, 2.5 and 5 per cent of 
butyl carbitol thiocyanate (toxicant of 
Lethane 384), the material was highly 
toxic and possessed the quick paralytic ac- 
tion characteristic of the thiocyanates. 

Benzene alone and in combination with 
wound protectors has been used as a 
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larvicidal treatment for maggot infested 
wounds (Knipling 1942) and has a strong 
and rapid toxic action. However, in con- 
centrations comparable to some of the 
other toxicants examined in the present 
work, it had only a low toxicity. Many 
other materials in equal concentrations 
may be expected to surpass benzene in 
toxicity. This is in apparent contrast to 
the results of Seddon (1931) who found 
benzene a good larvicide in concentrations 
as low as 5 per cent. The substitution of 
nitro groups for hydrogen on the benzene 
ring increased its rapid toxicity, as has 
been noted by many other investigators. 

The halogenated compounds are of in- 
terest since DDT and benzene hexa- 
chloride have been shown to possess re- 
markable toxicities. Various theories as to 
their toxic action have been suggested and 
will not be reviewed here. The initial 
mode of action of many chlorinated ma- 
terials has been attributed to their dis- 
solving action on the fatty epicuticula 
and consequent ease of penetration into 
the insect (Lennox 1940). This may ac- 
count, in part, for the toxic action of car- 
bon tetrachloride, DDT, and hexchloro- 
cyclohexane. This compound, the gamma 
isomer of 1, 2, 3, 4, 5, 6-hexachlorocyclo- 
hexane, possesses a toxicity in these tests 
at least equal to DDT and a more rapid 
action. At the lowest concentration tested, 
0.1 gm/100 ml, hexachlorocyclohexane 
still gave a 100 per cent kill. Both DDT 
and it should be further investigated at 
lower concentrations. The highest delayed 
killing action was possessed by two other 
halogenated compounds, not previously 
known as possessing high insecticidal ac- 
tion against fly larvae. These compounds, 
butyl Carbitol chloroacetate, and epi- 
chlorohydrin should be excellent solvents 
for the multihydroxy ester waxes that 
have been suggested as present in the in- 
sect epicuticula. This solvent power may 
be a factor in their larval toxicity, both 
giving approximately 100 per cent kill at a 
concentration of 5 per cent with 70 per 
cent of the larvae being repelled before 
mortality occurs. The butyl Carbitol 
chloroacetate which structurally is related 
to Lethane 384 (butyl Carbitol thio- 
cyanate) and possesses an equivalent 
toxicity, had a slower speed of action 
than the rapid-acting thiocyanate. Low 
concentrations of Lethane 384 have been 
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used directly on wounds without irrita- 
tion or interference with good wound 
granulation,! but the stability of the 
chloroacetate in contact with wound exu- 
date has not been determined. In an inde- 
pendent but parallel series of tests in 
which flesh fly larvae were cultured on 
media thoroughly impregnated with the 
toxicants, butyl Cellosolve chloroacetate 
was repellent and more toxic than Lethane 
884 (Hoskins et al. 1941). Lennox (1940) 
found calcium chloroacetate one of the 
most toxic compounds to larvae of Lucilia 
cuprina. The delayed toxicity of the butyl 
Carbitol chloroacetate may make this 
compound valuable for myiasis treat- 
ment. 

The few oils examined had moderate 
unsulfonatable residues and little appar- 
ent toxicity. Kerosene had a_ higher 
toxicity and repellency which may be due 
to its better dissolving and penetrating 
action or to the nature of the hydrocarbon 
groups present. 

Spray A differs somewhat from other 
materials examined in that it is not a 
single compound but rather a combination 
of materials proven by previous investiga- 
tions to be an especially effective and last- 
ing blowfly repellent on sheep. Under the 
conditions of this test, this material had a 
high rapid toxicity to the third instar 
larvae. Admittedly it would be more ad- 
vantageous if this were a delayed toxicity; 
however, any larvicidal toxicity of this 
effective fly repellent further contributes 
to its value, especially in preventing strike 
or restrike. 

Summary.—A new laboratory test 
method for systematic evaluation of 
larvicides for use in treatment of myiasis 
has been described. It establishes, as one 
of the criteria of a good larvicide, the 
ability to first repel and then kill all the 
maggots in a wound. Several representa- 
tive groups of potential blowfly repellents 
have been examined for repellent and 
larvicidal action by this test. Diphenyl- 
amine, butyl Carlitol chloroacetete and 
epichlorohydrin were the most effective 
repellent larvicides. The results also in- 
dicated that in the hydroxy alkyl ether 
series, toxicity increased in the order al- 
cohol, acetate, thiocyanate and chloro- 
acetate. None of the alkyl sulfides or di- 


)Unpublished work, Loeffler & Hoskins, 1939-40. 
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sulfides were toxic. Replacement of the had high toxicity including DDT, hexa- 
alkyl group by the aryl group did not in-_ chlorocyclohexane and the lesser known 
crease toxicity. Thiodiphenylamine was _ epichlorohydrin and butyl Carbitol chloro- 
more toxic than any related compounds acetate. A new blowfly repellent, Spray A, 
and omission or replacement of the sulfur had considerable larvicidal action to sup- 
by oxygen yielded toxic compounds of plement its effective fly repellent action.— 
interest. Several halogenated compounds 2-15-46. 
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USDA Grasshopper Control Expert 
Loaned to Argentina 


Dr. J. R. Parker, leading grasshopper control ex- 
pert of the U.S. Department of Agriculture, Bureau 
of Entomology and Plant Quarantine left New York 
November 18 by air for Argentina. Parker went to 
Argentina in response to the request of the Argen- 
tine government for an entomologist who can give 
technical advice on the control of a grasshopper out- 
break which is now occurring over wide areas in that 
country. 

Experimental lots of new insecticides, furnished 
by U. S. manufacturers, were sent by air to Argen- 
tina for Dr. Parker’s use. These insecticides were 
tested by Parker during the recent grasshopper sea- 
son in the United States. A few of these materials, 
including benzene hexachloride, a chlorinated cam- 
phene (Hercules 3956), and another chlorinated 
hydrocarbon (Velsicol 1068) have shown consider- 
able promise in killing grasshoppers and they will be 
tried under Argentine conditions. 

Dr. Parker has been fighting grasshoppers since 
1910. He has been the leading grasshopper control 
researcher for the Bureau of Entomology and Plant 
Quarantine since 1930. 















Efficiency of Carbon Tetrachloride, Ethylene Dichloride 
and Certain Other Fumigants in Shelled Corn! 


Cuar.es H. Ricuarpson,? Iowa Agricultural Experiment Station, Ames 


In the period from 1939 to 1943, large 
quantities of shelled corn were stored in 
steel bins in the mid-western states under 
supervision of the U. S. Commodity 
Credit Corporation. The well-known ethyl- 
ene dichloride-carbon tetrachloride fumi- 
gant mixture which contains 75 per cent 
by volume of ethylene dichloride was 
officially recommended in May 1940 for 
controlling insects in this corn. Other 
fumigants, however, were employed .in 
some quantity as supplies of ethylene 
dichloride and carbon tetrachloride were 
diverted by war demands to other uses. 

In steel bins, the standard ethylene 
dichloride-carbon tetrachloride mixture 
at a dosage of 5 or 6 gallons per 1000 
bushels proved generally an_ efficient 
fumigant. Failures with the mixture were 
occasionally reported, however, even 
under conditions apparently suitable for 
its successful use. 

The investigation reported here was 
made in an attempt to determine the cause 
or causes of this failure. The work was 
directed first to examination of the toxic 
efficiency in shelled corn of carbon 
tetrachloride, ethylene dichloride and the 
standard mixture of these fumigants. 
Later, other compounds and mixtures 
were tested. The investigation extended 
from September 1941 to January 1945.' 

Historica, Review.—tThe earlier lit- 
erature on carbon tetrachloride has been 
reviewed by Strand (1927). Chittenden 
& Popenoe (1911) showed that carbon 
tetrachloride was considerably less effec- 
tive than carbon disulfide against several 
species of grain-infesting insects. Most 
previous comparisons of carbon tetra- 
chloride, like this one, were made with 
carbon disulfide which is now recognized 
as one of the more toxic of the common 
fumigants. Nevertheless, Doane (1919) 
reported the successful use of carbon 
Bn gy ony at 

2 The aid of Mr. L. L. Stitt in making some of the tests, and 
of Mrs. L. L. Stitt in laboratory assistance is acknow 

? Preliminary resumes of this work were published in: port 
on Agricultura] Research for the year ending June 30, 1943. Il. 
Iowa Corn Research Inst. 8th Ann. ong pp. 58-60, and in 


Proc. 38rd Ann. pay North a States Entomologists, 
Urbana, Lllinois, March 1944, p. 2 


tetrachloride for controlling weevils 


Sitophilus oryza (L.), S. granarius (L.), in 
wheat. The fumigant was sprayed onto 
the grain at the rate of 2 gallons per 1000 
bushels as it moved from conveyers into 
the bins. In tight bins, a 2- or 3-day ex- 


posure was recommended. Neifert ef al. 
(1925) made trials with both carbon tetra- 
chloride and ethylene dichloride in empty 
flasks under laboratory conditions against 
S. oryza, S. granarius, Tribolium confusum 
Duv. and Plodia interpunctella (Hbn.). 
Although their data are not suitable for 
critical analysis, a difference in favor of 
ethylene dichloride is apparent. Cotton 
& Roark (1927) first reported the now 
standard ethylene dichloride-carbon tetra- 
chloride mixture (75 volume per cent 
ethylene dichloride) as a fumigant for 
pests of stored products; the mixture was 
stated to be about 5 times as toxic as 
carbon tetrachloride. The following year 
Roark & Cotton (1928) recorded dosages 
of 638 and 226 milligrams per liter of 
carbon tetrachloride and ethylene di- 
chloride respectively for complete kills of 
S. oryza within 200-gram lots of wheat in 
500 cc. flasks. The exposure was 24 hours 
at 21 to 27° C. Shepard & Lindgren (1934) 
determined the 50 per cent dose (LD50) 
and 100 per cent dose (LD100) of carbon 
tetrachloride and ethylene dichloride in 
empty space at 5- and 24-hour exposures 
and temperature of 25°. for S. oryza and 
T. confusum. The ratios of the doses ob- 
tained from this study indicate a 3.1 to 
5.8-fold greater toxicity for ethylene di- 
chloride. Figures reported later for T. 
confusum at 30° C. and 5-hour exposure 
(Shepard et al., 1937) show a 3.2 to 8.6- 
fold greater toxicity for ethylene dichlor- 
ide at the higher temperature. Gunderson 
(1940) compared. carbon tetrachloride 
with carbon disulfide and with several 
other compounds for toxicity in empty 
space to T’. confusum at a 2-hour exposure 
and temperature of 30° C. His values for 
LD50 and LD99 are about 0.7 the cor- 
responding values determined by Shepard 
& Lindgren (1934) for the longer exposure 
and lower temperature, but they approach 
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closely the LD50 value obtained by 
Shepard e¢ al. (1937) at the same tempera- 
ture and 5-hour exposure. The LD99 
values, however, differ widely. Gunder- 
son’s work reveals much less difference in 
toxicity between carbon tetrachloride and 
carbon disulfide than had been reported 
previously. Cotton & Wagner (1941) 
recommended the standard-ethylene di- 
chloride-earbon tetrachloride mixture for 
wheat fumigation, and Farrar & Flint 
(1942) recommended it for corn fumiga- 
tion, but neither, apparently, attempted 
to evaluate the components of the mix- 
ture. Jefferson (1943) found that carbon 
tetrachloride and ethylene dichloride 
were similar in their toxicity to Tribolium 
castaneum (Hbst.) in empty space at 
30° C., and exposure of 2 hours. His data 
show. the former compound to be 0.91 
times as effective at LD50 and 0.71 times 
as effective at LD99 as ethylene dichloride. 
Comparison of these toxicity values for 
carbon tetrachloride with the correspond- 
ing values for 7. confusum (Gunderson 
1940) shows a close similarity in the 
susceptibility of the two species to this 
compound. While this investigation was 
in progress, Cotton (1944) and Cotton 


et al. (1945) reported results with carbon _ 


tetrachloride and with the standard 
ethylene dichloride-carbon tetrachloride 
mixture which indicate approximately 
equal efficiency of the 2 fumigants for the 
treatment of corn and wheat. 

Notwithstanding some contradictions, 
the published record offered three im- 
portant suggestions regarding the relative 
efficiency of carbon tetrachloride and 
ethylene dichloride: (1) The compounds 
are equal or nearly equal in effectiveness, 
under some conditions, to certain grain- 
infesting insects; (2) since the more critical 
tests were made in empty space, the 
results ‘might be different in spaces filled 
with corn; (3) the more critical investiga- 
tions were generally carried out at rela- 
tively short (2- to 5-hour) exposures; 
under the longer exposures prevailing in 
practice, seldom less than 24 hours, the 
compounds might show a different rela- 
tive effectiveness. 

The investigation was directed at once 
to an examination of these suggestions. 

Mareriats.—The test insects were 
adults of Sitophilus oryza, Tribolium 
castaneum and Oryzaephilus surinamensis 
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cultured in whole corn or in a cereal 
mixture by procedures already described 
(Richardson & Walkden 1945). 

The carbon tetrachloride, ethylene 
dichloride and the other compounds used 
in the investigation were of good com- 
mercial grade or better. All mixtures were 
made on a volume basis, the basis most 
frequently used in practice. 

The corn used in these experiments 
ranged in moisture content from about 8 
to 12 per cent, and was practically free 
from cracked kernels and foreign matter. 

Mertuops.—All tests were made in the 
laboratory usually at a constant tempera- 
ture of 30° C. (86° F.). Some experiments 
were made; however, at room tempera- 
ture. Exposures were always 24 hours or 
longer. 

Tests were made in empty space (5.5- 
liter balloon flasks), in 5-gallon jars 
containing 5 pounds of corn, or in tin 
containers of 18.6 liters capacity charged 
with 27 pounds of corn. The first 2 types 
of test have already been described 
(Richardson & Walkden 1945). The tin 
containers provided a column of corn 17.5 
inches in height with a space above it 
(overspace) equal to about 9.4 per cent of 
the volume of the container. In operation, 
caged samples of insects were placed in 
the following locations within the con- 
tainers: (1) overspace; (2) top, about one 
kernel depth beneath the surface of the 
corn; (3) in the middle of the corn mass; 
(4) at the bottom of the corn mass. The 
fumigant was dropped onto the surface of 
the corn through a hole in the lid of the 
container. The containers were then sealed 
gas-tight, and held at room temperature 
throughout the exposure period. 

The test insects were taken at random 
from large pooled groups of active in- 
dividuals collected each day from vigorous 
cultures. The samples varied in size from 
about 50 to 150 individuals. For critical 
comparisons, tests were made concur- 
rently with each species of insect in the 
following manner: Each day’s testing 
included trials with the fumigants under 
comparison at $ or 4 distinct dosage levels; 
this procedure was usually repeated on 
different dates until 2 to 5 replicate tests 
at each dose were completed. Unreplicated 
series of tests are so indicated by foot- 
notes in the tables. 

After exposure, the insects were held 
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at room temperature with access to food 
and moisture. The percentages of mor- 
tality were determined 5 days after the 
application of the fumigant, or if the 
exposure were longer, then immediately 
at the close of the exposure period. 
Dosage-mortality curves were calculated 
from the probit-logarithmic transforma- 
tions of the corrected percentages of 
mortality and the dosages. The LD50, 
LD95 and other dosages were calculated 
from the equations for the curves. 
Controis.—Control samples accom- 
panied each day’s tests; the observed 
percentage of “‘natural’” mortality was ap- 
plied in correcting the experimental data 
by formula (Abbott 1925). Ifthe control 
mortality in a culture were less than 5 
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the maximum per cent of mortality was 
6.2; in the experiments reported in this 
paper, the control mortality did not ex- 
ceed 4.3 per cent. Some data are available 
for experimental series in which the 
control mortality was well above the 
5-per cent level. The LD values calculated 
from these data departed significantly 
from those of series in which the normal 
mortality fell below the 5-per cent level. 
Control mortality, therefore, served as an 
indication of the general vigor of the test 
insects as well as for the correction. of the 
mortality data. 

Toxiciry In Empty Space.—Carbon 
tetrachloride and ethylene dichloride were 
tested concurrently, and the standard 
mixture of these compounds was tested a 


Table 1.—Toxicity of carbon tetrachloride, ethylene dichloride and the standard ethylene 
dichloride-carbon tetrachloride mixture to Sifophilus oryza in empty space. Exposure 24 hours; 


temperature 30°C. 








LD50! 


| LD9s' =| Ss LD 99.91 





FUMIGANT 


ce. per 
Liter 


Mg. | ee, Mg. 
per 


Liter 


Mg. 
per 
Liter | 


| ee. 


per per | per 
Liter | Liter | Liter 





Carbon tetrachloride 


0.040 + 0.002? 64 


0.052 | 83 | 0.065 | 104 





Ethylene dichloride 


023 +0.002? | 29 | .036 


45 | 053 67 





Standard ethylene dichloride-carbon tet- 
rachloride mixture® 





-024+0.002? . 56 


-067 90 














1 The doses for 50, 95 and 99.9 per cent mortality respectively. 
2 Confidence limits for chances of 19 in 20. 


2 The mixture contained 75 per cent by volume of ethylene dichloride. 


per cent, and the culture had produced 
new insects not much longer than 1 month, 
the culture was considered a satisfactory 
source of test insects. If, however, the 
culture yielded samples with more than 5 
per cent control mortality, it was not 
used. Doubtful cultures, and cultures 
which had not been drawn upon for some 
time, were sampled for control mortality 
before test insects were taken from them. 

Considerable information now available 
on the test insects furnishes the following 
“natural” mortality values for the 5- to 
6-day experimental period: Sitophilus 
oryza (38,000 insects) 1.99 per cent; 
Tribolium castaneum (26,000 insects) 2.24 
per cent; Oryzaephilus surinamensis (9000 
insects) 2.45 per cent. A part, possibly 
one-half, of this mortality may have 
resulted from abrasions and other injuries 
received during the handling of the 
insects. In 93 to 95 per cent of the samples, 


year later against Sitophilus oryza in 
empty 5.5-liter flasks. The results of these 
experiments are shown in table 1. 

Ethylene dichloride was about twice as 
toxic as carbon tetrachloride in these ex- 
periments; under the same conditions of 
temperature and exposure, the standard 
mixture, in keeping with its composition, 
approached ethylene dichloride more 
closely in toxicity. The values for carbon 
tetrachloride agree satisfactorily with 
those reported by Shepard & Lindgren 
(1934) at 25° C.; but the values for 
ethylene dichloride are 2 to 3 times as 
large. The information presented in table 
1 confirms previously reported work in 
showing that ethylene dichloride is more 
toxic to insects in empty space than 
carbon tetrachloride; it suggests, however, 
that this difference may not be so large as 
has sometimes been reported. 

Toxicity In 5-Pounp Lors or SHELLED 















Corn.—Carbon tetrachloride and ethyl- 


surface (top position) and at the bottom 


chloride series, each couplet in the table is 









corn. Temperature 30°C. 
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posure), and those for ethylene dichloride 
ene dichloride were tested on 3 species of against S. oryza agree rather closely as 
corn-infesting insects located near the would be expected on the basis of equal 
susceptibility of the 2 species to both com- 
(6.5 inches below the surface) of corn in pounds. The figures for carbon tetra- 
1-gallon jars. Except for the carbon tetra- chloride against T. castaneum (24-hour 
chloride series (24-hour exposure) and the exposure), obtained early in the course of 


standard ethylene dichloride-carbon tetra- the investigation, appear somewhat low 
in comparison with the determinations 


Table 2.—Effectiveness of carbon tetrachloride and ethylene dichloride in 5-pound lots of shelled 









































‘ PosItT1on LD95 
Ex- | or INsEcts LD50 CC. PER 

POSURE! IN Con- CC. PER 5 Las. 

FuMIGANT INSECT Hours} TAINER 5 Las. Corn Corn 






























Carbon tetrachloride 





Sitophilus oryza 








Top 0.171+0.011! 0.229 
Bottom .160 . 236 

















Ethylene dichloride Sitophilus oryza 





24 Top -259+0.011! .426 
Bottom .287 .388 

















Carbon tetrachloride? Tribolium castaneum 











24 Top . 136 .174 
Bottom .129 . 164 


















Standard ethylene di- | Tritolium castaneum 
chloride-carbon _ tetra- 
chloride mixture? 





24 | Top | 947 .370 
Bottom . 250 .816 
















Carbon tetrachloride Tribolium castaneum 





72 Top - 204 .298 
Bottom .178 .280 




















Ethylene dichloride Tribolium castaneum 











72 | Top | 168 .240 
Bottom | . 162 277 














Carbon tetrachloride Tribolium castaneum 





168 Top .165 .199 
Bottom .157 .198 





























Ethylene dichloride Tribolium castaneum 168 Top . 153 .183 
Bottom 161 .209 
Carbon tetrachloride Oryzaephilus surinamensis 24 Top .150 .214 
Bottom . 136 -191 


















Ethylene dichloride Oryzaephilus surinamensis 














Top . 152 346 
Bottom .153 .344 




































1 Confidence limits for chances of 19 in 20. 
2 The experiments were not made concurrently. 


based on data from concurrent tests. 
The results are presented in table 2. 
Table 2 shows the almost complete dis- 
appearance in the presence of corn of a 
distinctive difference in toxicity between 
carbon tetrachloride and ethylene di- 
chloride. In fact, the most pronounced 
difference points in the opposite direction 
as the figures for Sitophilius oryza il- 
lustrate. At exposures greater than 24 
hours, the 2 compounds appear to be 
about equally toxic to Tribolium casta- 
neum. The figures for the standard mix- 
ture against 7. castaneum (24-hour ex- 












made later at longer exposures. Oryzae- 
philus surinamensis seems to be the least 
resistant of the 3 species used in this 
study. However, the actual differences in 
species resistance to these compounds 
are not large, and they are probably of no 
great practical significance. 

Loss of toxic efficiency by ethylene di- 
chloride in the presence of shelled corn ap- 
pears to be due, in large part at least, to 
sorption of the gas by the corn. An indica- 
tion of the extent of sorption may be seen 
from the following calculations: The space 
above the corn in the 1-gallon jar contain- 
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ing 5 pounds of corn is 356 cc.; the volume 
occupied by the corn is 3430 cc.; approxi- 
mately 40 per cent of this volume (Zink 
1935) or 1372 cc., represents kernel inter- 
space; the total air space in the jar is 
therefore 1728 cc. The LD50 of carbon 
tetrachloride for S. oryza in 1728 ce. of 
free space would be 0.069 cc. (from Table 
1), and for ethylene dichloride it would be 
0.040 cc. The LD50 of carbon tetra- 
chloride near the surface of 5 pounds of 
corn (Table 2) is 0.171 cc., or 2.5 times the 
free-space dosage. For the same kill with 
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experiments (Table 2). Ethylene di- 
chloride, on the other hand, gave satisfac- 
tory kills only at the highest dosage, and 
agreement was satisfactory with the 
equivalent dosage for 72 hours in the 
small-lot experiments. Mortality in the 
overspace and top location from each 
dose of ethylene dichloride was similar 
and usually lower than the mortality in 
the middle and bottom locations. 

Failure to achieve control in the surface 
is a phenomenon of frequent occurrence 
in the commercial fumigation of corn. 


Table 3.—Effectiveness of carbon tetrachloride, ethylene dichloride, and the standard ethylene 
dichloride-carbon tetrachloride mixture against two species of insects in 27-pound lots of shelled 


corn. Room temperature (19-26° C). 








Dosace 


PERCENTAGE OF Mortatity IN: 





ec./27 Lb. 


FuMIGANT INSECT orn 


of8 Lb. 
rm 





0.93 
- 93 
1.08 


Carbon tetrachloride 
Ethylene dichloride 
Carbon tetrachloride 
Ethylene dichloride 
Carbon tetrachloride 
Ethylene dichloride 


Tribolium castaneum! 


- 
= 
a 








Carbon tetrachloride Sitophilus oryza* 
Ethylene dichloride = . 
Standard Mixture ” 





Carbon tetrachloride 
Ethylene dichloride 


bd 4 





Standard Mixture 
oe 


Carbon tetrachloride 
Ethylene dichloride = 
Standard Mixture - | 











332 |233|838|ss 


BOO ot tt ee 
ese cee cue eee 


we 
ooo 

















1 Exposure 72 hours; single tests with samples of about 150 insects at each dosage. 
2 Exposure 24 hours; tests repeated 2 to 4 times with samples of about 150 insects. 


ethylene dichloride 6.5 times the free- 
space dosage is required. The ratio, 
2.5:6.5, gives an approximate measure of 
the apparent relative sorption of the 2 
compounds in corn. It shows that corn 
takes up under the experimental condi- 
tions significantly larger quantities of 
ethylene dichloride than of carbon tetra- 
chloride, quantities sufficient, in fact, to 
nullify the inherently greater toxic ad- 
vantage of ethylene dichloride. 

Toxicity IN 27-Pounp Lots oF 
SHELLED Corn.—Experiments with these 
fumigants were made at room tempera- 
ture in large tin containers holding 27 
pounds of corn. Sitophilus oryza and 
Tribolium castaneum were the test insects. 
The results are given in table 3. 

Carbon tetrachloride gave complete 
control of Tribolium castaneum in all loca- 
tions except the overspace at the lowest 
dosage. It was more efficient in these un- 
replicated tests than in the small-lot 


Loss of the fumigant by volatization into 
the overspace is no doubt responsible in 
part for this failure, especially where 
considerable leakage occurs. In this ex- 
periment, where leakage was prevented, 
the intrinsically greater toxicity of eth- 
ylene dichloride disappeared, just as it 
did in the small-lot experiments, owing 
largely to sorption of the compound by 
the corn. 

The tests with Sitophilus oryza (Table 
3) failed to reveal differences of practical 
significance between carbon tetrachloride, 
ethylene dichloride and the standard 
mixture. Significant differences, owing to 
location of the test insects in the con- 
tainers, vanished at the high dosages used. 
The lowest dose tested (2.00 cc. per 27 
pounds), equivalent to 0.37 cc. on the 
5-pound basis, and to 1.1 gallons per 1000 
bushels at field dosage, agrees closely with 
the LD50 value of 0.388 cc. per 5 pounds 
for ethylene dichloride (S. oryza, bottom 
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location) in table 2. This dose is some- 
what higher than the corresponding dose 
for carbon tetrachloride, and nearer the 
LD99.9 value of 0.832 cc. per 5 pounds 
calculated for that compound. The gen- 
eral agreement between the data for the 
large lot and small lot experiments ap- 
pears satisfactory in view of the differ- 
ences in experimental conditions and 
apparatus. The 3.00 cc. and 4.00 ce. 


hours; temperature 30°C. 





Table 4.—Effectiveness of carbon tetrachloride mixtures in 5-pound lots of corn. Exposure 24 
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carbon disulfide and 1,1-dichloro-1-nitro- 
ethane in 6 proportions, and with 6-meth- 
ylallyl chloride and 1,1-dichloro-1-nitro- 
ethane in 1 proportion were tested against 
Tribolium castaneum and Oryzaephilus 
surinamensis in 5-pound lots of shelled 
corn. The results are given in table 4. 
The 20-80 per cent carbon disulfide- 
carbon tetrachloride mixture was about as 
effective in these experiments as carbon 

















PERCENTAGE 
or Com- 
PONENTS RY 


FUMIGANT VoLuME 









REsvtts: 
PosITION LD50 LD95 
IN Con- ec./5 Ibs. ec./5 lbs. 
INsEcT TAINER Corn Corn 











Carbon disulfide-carbon tetra- 80-20 
chloride mixture! 


Tribolium Top 0.062 0.085 
castaneum Bottom 


-064 -084 











do 50-50 


do Top .080 .129 
Bottom .076 .110 











do 20-80 








do Top .129 . 202 
Bottom . 124 . 182 















Carbon disulfide-1,1-dichloro- 20- 0-80? 
1-nitroethane-carbon tetra- 


chloride mixture 


Oryzaephilus 
surinamensis 


Top 171 | 887 
Bottom . 162 | ,206 
















Top - 106 . 183 
Bottom . 127 


do 











do 









-091 
.078 


do Top .063 


Bottom .062 















do 5-15-80 


do Top 


Bottom .061 












do 0-20-80 








-042 
.049 





| 
.038 | .059 
| 


Bottom 





| 
do Top | .030 








do 5— 5-90 








Tribolium 


castaneum 





Top -159+0.010% | 226 
Bottom 141 | 206 











8-Methylally] chloride-1,1-di- | 5- 5-90 
chloro-1-nitroethane-carbon | 
tetrachloride mixture 





| 
do | Top .124+0.0108| 174 
| Bottom 119 147 











1 Exposure 30 hours. 
2 Unreplicated tests. 
* Confidence limits for chances of 19 in 20. 


dosages gave almost complete mortality 
with the 3 fumigants in all locations. The 
latter is approximately the dosage of 
carbon tetrachloride recommended by 
Doane a quarter of a century ago for the 
control of weevils in wheat. 

Toxicity oF THE OTHER CARBON 
TETRACHLORIDE Mixtures IN Corn.— 
Mixtures of carbon tetrachloride with 
carbon disulfide in 3 proportions, with 










tetrachloride alone (Table 2). This mix- 
ture contains the maximum proportion of 
carbon disulfide that can be used where 
fire hazard is an important consideration. 

The 3-component mixtures of carbon 
disulfide, 1,1-dichloro-1-nitroethane, and 
carbon tetrachloride became increasingly 
more toxic as the proportion of 1,1- 
dichloro-1-nitroethane was increased. 
Mixtures containing 15 and 20 per cent of 
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this compound were among the most 
toxic fumigants tested in this study. 
Substitution of 8-methylallyl chloride for 
carbon disulfide in the mixtures containing 
80 per cent carbon tetrachloride led to 
slightly enhanced effectiveness. 

OrneR Compounps.—Table 5 presents 
the results of tests with 9 compounds on 1 
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of the jars. Allyl chloride resembles 
6-methylallyl chloride (Richardson & 
Walkden 1945); it was about as toxic in 
corn as carbon disulfide. Compared with 
carbon tetrachloride (table 2), trichloro- 
ethylene was apparently less effective 
although the difference is not large. 
Neither propylene dichloride nor 1,1,2- 


Table 5.—Effectiveness of nine compounds against three species of insects in 5-pound lots of corn. 


Temperature 30° C. 








FUMIGANT INSECT 


LD95 
cc./5 
Lbs. 

Corn 


LD50 
cc./5 
Les. 

Corn 


PosITION 
In Con- 
TAINER 





Carbon disulfide Tribolium castaneum 





0.083 
-081 


0.055 
.057 


Top 
Bottom 








do | do 


049 
-049 


041 
.040 


Top 
Bottom 





do Oryzaephilus surinamensis 


-091 
.090 


067 
.067 


Top 
Bottom 








Propylene dichloride Tribolium castaneum 


229 
- 254 


. 187 
. 193 


Top 
Bottom 








do Oryzaephilus surinamensis 


Top | 191 284! 
Bottom ees it 





Trichloroethylene | do 


231 
.218 


397 
.379 


Top 
Bottom 





do Sitophilus oryza 


207 
. 188 


.327 


Top 
.324 


Bottom 





Isocroty] chloride do 


Top L498 .269 
Bottom | - ing 





Isopropy] formate do 


. 164 


Top 
-145 


Bottom 





2-Chlorobutene-2 do 


-322 


Top 
.313 


Bottom 





Methylisopropeny] ketone | do 


-032 


Top 
.061 


Bottom 





Allyl clhloride? do 


Top 
Bottom 





1,1,2-Trichloroethane? do 


Top 
Bottom 











1 Extrapolated value. 
2 Tests made by C. C. Blickensteff. 


or several of the 3 species of insects used 
in this study. The tests were made in 
5-pound lots of corn. 

Methylisopropenyl ketone ranks high- 
est in effectiveness near the corn surface, 
but it was so markedly sorptive that the 
dosage had to be increased by 2 to pene- 
trate and kill the insects in the bottom 


trichloroethane showed marked superiority 
over carbon tetrachloride. 1,1,2-Trichloro- 
ethane also proved no more toxic than 
carbon tetrachloride under similar condi- 
tions to the resistant Tenebroides mauri- 
tanicus (Richardson 1945). 

EFFEcT oF CARBON TETRACHLORIDE ON 
Man.—Carbon tetrachloride is a rela- 
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tively safe compound to handle in fumi- 
gating operations. Nevertheless, it is a 
poison, and certain precautions should be 
taken whenever exposure to its vapors is 
necessary. The maximum concentration 
of carbon tetrachloride considered safe for 
prolonged exposure is 100 parts per mil- 
lion, equivalent to about 0.04 pound 
(0.003 gallon) per 1000 cubic feet my 
(Henderson & Haggard 1943). Recent in- 
formation however, suggests a downward 
revision of this limit to 50 (Hamilton 
1943) or even to 32 parts per million 
(Lehmann & Flury 1943). It is interesting 
to notice in this connection the similar 
downward trend in the concentration of 
carbon tetrachloride found necessary for 
effective insect toxicity. 

Operators who are forced to work in 
closed spaces where carbon tetrachloride 
vapors exist should be provided with 
adequate gas masks. Rooms that have 
been fumigated should be thoroughly 
ventilated before they are occupied. 

EFFEcT OF CARBON TETRACHLORIDE ON 
THE GERMINATION OF SEED Corn.—A few 
references to the effect of carbon tetra- 
chloride on the germination of corn have 
been found in the literature, but they 
furnished little indication of the tolerance 
of seed corn for this fumigant. 

A sample of hybrid seed corn of 8.2 
per cent moisture content was, therefore, 
exposed to a widely-ranging series of 
carbon tetrachloride dosages. The seed, 
in 5 pound lots, was sealed in gas-tight 
1-gallon jars and maintained at a constant 
temperature of 30° C. for 7 days. At the 
end of this time, the seed was removed 
and aerated for 7 to 13 days at room 
temperature; then samples of 400 seeds 
were tested for germination in sand cul- 
tures at 80° F. (sand test), and some of 
the samples were germinated in sand at 
50° F. (cold test). Only one of the cold- 
tested samples was treated with a 
fungicide 3 ome organo-mercury 
preparation) before planting. Three lots 
of seed that were subjected to. the higher 
dosages were tested again (sand test) 
after they had remained in glass jars with 
loosely fitting lids for 80 to 116 days. The 
results of these tests are given in table 6. 

Dosages up to 38.2 gallons per 1000 
bushels failed to reduce significantly the 
percentage of germination of the seed. 
The cold-tested seed gave low germination 
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values apparently because it was not 
treated with a fungicide before planting; 
but there is no indication that the carbon 
tetrachloride contributed to this harmful 
effect. All dosages higher than 38.2 
gallons progressively depressed germina- 
tion, but they failed to kill all of the seed, 
and after long contact with the air, the 


Table 6.—Effect of carbon tetrachloride on the 
germination of seed corn. Exposure 7 days; tem- 
perature 30° C; moisture content of seed 8.2 per 
cent. 

















NuMBER} AVERAGE Per CENT 
DosacEe OF GERMINATION 
Gaus. PER | Repti- 
1000 Bu. cates. | Sand Test | Cold Test 
Untreated 
Control 3 93 
Untreated | 
Control 1 _ | 55 (88)! 
1.5 1 96 
3.6 1 96 | 
3.6 1 —_ | §@ 
5.3 I 97 } 
8.5 1 94 
10.4 1 95 
10.4 i 1 — | 59 
13.2 | 1 94 
18.7 1 92 
20.4 1 91 
25.2 2 92 
38.2 2 88 
$8.2 1 _ 55 
60.0 2 58 (90)? | 
93.5 2 60 
148.2 2 56 
372.8 2 42 (86)? 
600 .0 2 41 (81)? 











1 Seed disinfected before planting. 
2 Germination in 80 to 116 days after exposure to carbon 
tetrachloride. 


seed recovered 87 to 97 per cent of the 
control value. 

The jars which received the two highest 
dosages contained, after 7 days, a con-, 
siderable volume of unabsorbed carbon 
tetrachloride, and the free space in the 
jars was saturated with carbon tetra- 
chloride vapor. It may be concluded from 
this fact that there is little danger of 
reducing germination by pouring mod- 
erate insecticidal doses of carbon tetra- 
chloride directly onto the seed. 

It is probable that dosages greater than 
10 gallons per 1000 bushels will not 
ordinarily be required for the control of 
corn-infesting insects in tight storage. 
Dry seed corn can, apparently, withstand 
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exposure to this dosage for a considerable 
time. As a precaution, however, it is 
recommended that exposure to such doses 
extend not longer than one week, and that 
the seed be aerated immediately afterward. 

Summary.—l. Carbon _ tetrachloride, 
ethylene dichloride, and the standard 
ethylene dichloride-carbon tetrachloride 
mixture (75 per cent by volume of 
ethylene dichloride) were tested in empty 
space and in containers holding 5 pound 
and 27 pounds of dry, shelled corn against 
3 corn-infesting insects, Sitophilus oryza, 
Tribolium castaneum, and Oryzaephilus 
surinamensis. Methods are described. 

2. In empty space at 30° C. and 24-hour 
exposure, ethylene dichloride was about 
twice as toxic as carbon tetrachloride. The 
standard mixture approached ethylene 
dichloride in toxicity. 

3. In dry corn, the intrinsically greater 
toxicity of ethylene dichloride disappeared 
owing to sorption by the corn, and the two 
compounds became similar in toxicity. 

4. Carbon disulfide-carbon tetrachlo- 
ride mixture (20 per cent by volume of 
carbon disulfide) proved about as toxic in 
corn to Tribolium castaneum as carbon 
tetrachloride itself. 

5. In three-component mixtures of 
carbon’ disulfide, _1,1-dichloro-1-nitro- 
ethane and carbon tetrachloride, the 
compositions with 15 to 20 per cent by 
volume of 1,1-dichloro-1-nitroethane were 
highly toxic in shelled corn to Oryzaephilus 
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surinamensis. In preliminary tests with 
Tribolium castaneum, 8-methylallyl chlo- 
ride was more efficient than carbon disul- 
fide in these mixtures. 

6. Methylisopropenyl ketone is highly 
toxic to Sitophilus oryza, but it is strongly 
absorbed by the corn. 

7. Carbon tetrachloride is at least as 
effective in shelled corn as _ trichloro- 
ethylene, propylene dichloride, and 1, 
1,2-trichloroethane. 

8. Carbon tetrachloride is a safe fumi- 
gant to handle if ordinary precautions are 
taken. Even short exposures, in closed 
spaces, to effective insecticidal dosages 
may be dangerous without the protection 
of a gas mask. 

9. Effective dosages of carbon tetra- 
chloride will not injure the germination of 
seed corn even when the fumigant is 
poured directly onto the corn. Exposures 
longer than one week in tight containers 
are not recommended. The seed should be 
aerated thoroughly at the close of the 
exposure period. 

10. For the treatment of corn in gas- 
tight structures, 2 gallons of carbon 
tetrachloride per 1000 bushels for 24 hours 
or longer at temperatures of 70° F. or 
above will control the 3 species of insects 
used in this investigation. Under good 
fumigating conditions with respect to 
leakage etc., a somewhat higher dosage 
(3 to 4 gallons) may be required for com- 
mercial control.—7-20-46. 
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Redrying of Tobacco and Its Effect on 
Insect Infestation 


Joseru N. Tenner and C, O. Barg,! U.S.D.A., Agr. Res. Adm., Bureau of 


Entomology and Plant Quarantine 


All tobacco is subject to insect damage 
in storage, and the annual loss from this 
source is estimated to be in excess of 
$10,000,000. Flue-cured, or cigarette, 
tobacco, the most important type pro- 
duced in the United States, is particularly 
subject to insect attack. When marketed 
by the farmer, leaf tobacco usually has a 
high moisture content and is therefore 
subject to molds, rots, and insect infesta- 
tion. To protect the tobacco, drying is 
necessary. Cigarette tobacco is normally 
aged about 30 months before being 
manufactured, and it is during this period 
in storage that the heaviest losses occur. 
Tobacco may become infested with the 
tobacco moth, Ephestia elutella (Hbn.), or 
the cigarette beetle, Lasioderma serricorne, 
(F.), while on the farm or in the auction- 
sales warehouse, and it is desirable to 
know whether such infestation is likely to 
be carried into storage. 

The commercial process by which the 
moisture content of tobacco is regulated in 
its preparation for storage is known as re- 
drying. In this process the tobacco is 
passed through a long chamber, where it is 
subjected to heat to drive off all moisture. 
Live steam is then introduced to supply 
the exact amount of moisture required. 
The moisture content of redried tobacco 
usually ranges from 10 to 11.5 per cent. 
Tobacco is removed from a redrying 


1The writers wish to express their appreciation to W. pt 
Reed and J. P. Vinzant for preliminary work with the redrying 
presen in 1938. Unpublished reports of their work co: 
resu. 


given. 








machine, packed directly into hogsheads, 
and compressed under hydraulic pressure. 
All flue-cured tobacco is redried, and there 
has been evidence that the process kills 
many insects.2 However, no adequate 
proef has previously been obtained of the 
effectiveness of this redrying process in 
killing insects. Tobacco being packed for 
export is processed for a longer period and 
at higher temperatures than that intended 
for domestic manufacture. Consequently, 
the chance for insect survival would be 
greater in tobacco packed for domestic 
consumption. Because of this fact, all 
tests described in this paper were con- 
ducted with tobacco being processed for 
domestic use. 

Repryine oF Lear Toxsacco.—Leaf 
tobacco is usually received tied in bundles, 
or “hands,” of 15 to 20 leaves. Four test 
lots of insects, each lot consisting of 10 
or more individuals? of each stage of both 
the tobacco moth and the cigarette beetle, 
were placed in tiny wire-gauze cages, 
which were inserted into the butts of 
hands of tobacco. In this position the 
insects received the maximum amount of 
protection from the tobacco. The hands of 
tobacco were then hung on a stick and the 
stick was placed on the conveyor as it 
entered the redrying machine. Thus, for 
each test 40 or more individuals of each 
stage of both insects were used. 

The length of the operating cycle and 
the temperatures employed to redry 


2 10 of each stage, except that 25+ eggs were used. 
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tobacco vary with each type, grade, and 
condition of tobacco being processed. 
The length of the operating cycle for leaf 
tobacco customarily ranges from 43 to 80 
minutes, and the maximum temperature 
from 195° to 230° F. During this experi- 
ment the operating cycles ranged from 43 
to 57 minutes and the maximum tempera- 
ture from 195° to224°F. The machine was a 
standard redrying machine of a type in 
common use, and all tests were conducted 
under commercial operating conditions. 
The hands of tobacco, hung on 4.5 foot 
sticks (20 to 25 hands to a stick), were 
carried by the endless conveyor on which 
they ‘were passed slowly through the 
machine (Fig. 1). 

The tobacco first passed through the 
drying chamber, consisting of three areas 


Fic. 1.—Sticks of leaf tobacco in hands, 
entering a redrying machine. 


of different temperatures (the middle 
area having the highest temperature). 
There the tobacco was dried by the forced 
circulation of hot air. The passage of the 
tobacco through the drying chamber 
required 20 minutes of a 43-minute cycle. 

On leaving the drying chamber the 
tobacco entered the steam chamber, 
where superheated steam was introduced 
at a temperature of approximately 300° F. 
However, as the steam left the jets and 
expanded, the temperature dropped very 
rapidly, so that by the time it reached 
most of the tobacco the temperature was 
probably lower than 200°. The amount of 
steam introduced into this chamber and 
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the time required for passage through it 
determined the amount of moisture that 
was replaced in the tobacco. Usually the 
time required for tobacco to pass through 
the steam chamber was approximately 
the same as that required for passage 
through the drying chamber. From the 
steam chamber the tobacco passed on into 
a cooling chamber, where the temperature 
was dropped to 120—130°. Passage through 
this chamber required 3 minutes of a 43- 
minute cycle. 

The experiment to test the insect-killing 
effect of the redrying process was repli- 
cated 8 times. Then to obtain additional 
information as to what part of the process 
kills insects, 8 more replications were 
made, in which the tobacco was passed 
through the drying chamber only, and in 
8 others it was passed through the steam 
and cooling chambers only. In these 
experiments only larvae and pupae of the 
cigarette beetle and the tobacco moth 
were used, as those stages seemed to be 
the most resistant. 

Resutts.—In each test with the com- 
plete redrying process the mortality of all 
stages of both insects was 100 per cent. 
In the tests where larvae and pupae were 
passed through the drying chamber only, 
the mortality was high, but in one replica- 
tion a few pupae of each species survived. 
In the experiment where larvae and pupae 
were passed through the steam and cool- 
ing chambers only, mortality was not 
consistent. It ranged from 100 per cent 
to none but in each replication there was 
some survival in one or more of the stages 
(Table 1). In every test there was an ap- 


Table 1.—Mortality of larvae and pupae of 
the cigarette beetle and the tobacco moth in 
tobacco that passed through the steam and cool- 
ing chambers only. Richmond, Va., 1944. 
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2.5 0 70 25 
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10 100 100 97.5 
12.5 2.5 40 25 
20 0 52.5 $7.5 
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preciable survival of at least one stage. 

ReEDRYING OF STEMMED TosBacco.— 
Stemmed tobacco, or “strips,” is leaf 
tobacco from which the large midrib has 
been removed. This leaves only the softer 
parts of the leaf. Much flue-cured tobacco, 
both for export and for domestic manu- 
facture, is stemmed prior to storage. 
Stemming is often done after the tobacco 
has been redried and stored, and the strips 
are again redried before being packed into 
hogsheads. In the stemming process the 
hands of leaf tobacco are broken up, and 
the strips come from the stemming ma- 
chines in the form of a loose mass of soft 
fragments of leaf. This tobacco is passed 
through a redrying machine on an apron, 
or endless belt, ranging from 5 to 10 feet 
in width. The belt is formed of quarter- 
inch wire mesh. The tobacco on the belt is 
in a layer 4 to 8 inches thick, and the 
operation is very similar to the redrying of 
leaf tobacco. 

The important difference between the 
redrying of leaf and of strips is in the 
length of the operating cycle and the 
temperatures employed. The most diffi- 
cult part of drying leaf tobacco lies in 
getting the moisture out of the midrib. 
Since there are no midribs in stemmed 
tobacco, the process can be speeded up 
and lower temperatures employed. The 
operating cycle of a redrying machine for 
tobacco strips usually ranges from 9 to 
30 minutes and the maximum tempera- 
ture employed seldom exceeds 165° F. 
Because of this shorter period of exposure 
and the lower temperatures involved, the 
chance for insect survival is greater. 
However, the shorter period and the lower 
temperatures are partly compensated for 
by the fact that the heat and steam can 
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penetrate the tobacco more readily. 

In this experiment 8 replications were 
completed in which all stages of both the 
tobacco moth and the cigarette beetle 
were passed through the entire machine 
for redrying stemmed tobacco. In these 
tests the insects were confined in the small 
wire-gauze cages previously described, 
and then the cages were loosely tied in 
white cheesecloth bags. The bags were 
buried in the layer of tobacco that was 
passing through the machine. The op- 
erating cycle was 9 to 10 minutes. 

Resutts.—In only one test of the 8 
replicates was there any insect survival, a 
single pupa of the cigarette beetle. 

SUMMARY AND Conc usions.—An ade- 
quately replicated experiment was con- 
ducted to test the insect-killing effect of 
the commercial process for redrying 
tobacco. It was shown that the redrying 
of leaf tobacco caused 100 per cent 
mortality of all stages of the tobacco 
moth, Ephestia elutella (Hbn.), and the 
cigarette beetle, Lasioderma  serricorne 
(F.). Most of this mortality occurred in 
the drying chamber of the process, and 
was probably due to a combination of 
heat and desiccation. 

The redrying of stemmed tobacco is 
performed more rapidly and at lower 
temperatures than of leaf tobacco, and is 
not completely effective in destroying all 
stages of insect life. However, it does kill 
most of the insects present. 

It appears, therefore, that redried leaf 
tobacco can be safely assumed to be free 
of insect infestation when it enters storage. 
Redried tobacco strips will probably be 
free of insect infestation, but it is always 
possible that a few insects may have 
survived the process.—7-1-46. 
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Flue-cured tobacco grown in North 
Carolina is infested each season by two 
species of hornworms—the tobacco horn- 
worm, Protoparce sexta (Johan.), and the 
tomato hornworm, P. qui 
(Haw.). In the Oxford area the tomato 
hornworm has been of little economic im- 
portance, although the adults collected in 
moth traps throughout.a season may out- 
number those of the tobacco hornworm. 
Seasonal surveys have shown that the 
tomato hornworm seldom makes up more 
than 10 per cent of the total field popula- 
tion. In some tobacco-producing districts 
in other states, however, this species is of 
major importance and control measures 
are directed mainly against it. It is pos- 
sible that from time to time certain con- 
ditions may exist in North Carolina which 
permit the tomato hornworm to develop 
in large numbers and to require major 
consideration in the control program. 

During the last 10 years studies on the 
control of hornworms attacking tobacco 
have been directed largely toward the 
discovery of an effective insecticide that 
would not leave a dangerous or unsightly 
residue on the mature plants. Inasmuch as 
the presence of arsenic on the cured 
tobacco leaves may possibly affect the 
health of the consumer, special emphasis 
has been placed on experiments designed 
to determine the toxicity of organic com- 
pounds to hornworms. Since the estab- 
lishment of the Oxford, N. C., laboratory 
in 1935, tests with new organic compounds 
have been conducted each season to 
determine their toxicity to hornworm 
larvae infesting flue-cured tobacco. Prior 
to 1942 approximately 160 compounds 
had been tested (Stahl et al. 1945), but 
none had shown special promise for the 
practical control of hornworms. The tests 
were exploratory, without sufficient repli- 
cation to establish relative values, and the 
tobacco hornworm was used exclusively 
as the test insect. 

In 1942, replicated tests designed to 
compare the toxicity of some new organic 
compounds with that of cryolite were 
started. Both species of hornworms were 
utilized in these tests. Since the periods of 
development of these two hornworms do 
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not coincide, it was not always possible to 

have an adequate supply of larvae of both 

species on hand at the same time. When- 

ever possible, however, the two species 
were tested on the same dates. 

After a few tests had been completed, it 
was evident that the two species were not 
alike in their susceptibility to the toxic 
effects of organi¢ compounds. It is the 
purpose of this paper to present data 
showing the differences in the reactions 
of the two species of hornworms to certain 
organic compounds. The results of tests 
conducted during 1943 and 1944 are cited, 
because the compounds utilized were the 
same and the series were replicates, except 
that in 19483 comparisons were not made 
on the same dates. 

ProcepurE.—The technique employed 
was uniform for all tests. Adults were 
trapped and placed in large oviposition 
cages, where they were allowed to deposit 
eggs on tobacco plants growing in 10-inch 
flower pots. The pots were then trans- 
ferred to the insectary, where the larvae 
were permitted to develop to third in- 
stars, which were used in the tests. 

Fresh tobacco suckers were fitted in 
4-ounce bottles containing water. The 
bottles were then placed individually in a 
settling chamber into which 150 mg. of the 
material was blown at a pressure of 30 
pounds per square inch. The dust was 
allowed to settle on the tobacco sucker 
for 2 minutes. Each bottle was transferred 
to a screen-cylinder cage, and 10 larvae 
were placed on each sucker. These cages 
were examined daily for 4 days, and 
records of mortality, development, and 
feeding were made. Four samples of 10 
larvae each were used in each replicate. 
The tests were replicated by dates, the 
number depending on the available supply 
of larvae. 

The following organic compounds were 
tested in both 1943 and 1944: p-aminoazo- 
benzene hydrochloride, p-aminoazoben- 
zene, and phthalonitrile. Cryolite contain- 
ing approximately 90 per cent of sodium 
fluoaluminate was included for compari- 
son. Each material was thoroughly mixed 
with an equal part by weight of diatoma- 
ceous earth. 
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Diazoaminobenzene, diluted with an 
equal part of diatomaceous earth, was 
included in the 1943 tests. In 1944 a dust 
containing 10 per cent of technical DDT 
in pyrophyllite was substituted for diazo- 
aminobenzene. This mixture was at first 
diluted with an equal part of diatoma- 
ceous earth but, inasmuch as the mixture 
had no effect on the tobacco hornworm 





tomato hornworm. 


Stau_: Tospacco Worms AND OrGAnic COMPOUNDS 


Table 1.—Comparative effects of certain organic compounds on the tobacco hornworm and the 
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minimum effective strength has not been 
determined. Treatment with DDT at a 
strength of 2.25 per cent has resulted in 
100 per cent mortality within 48 hours. 

The relative susceptibility of the two 
species of hornworms to the compounds 
tested is indicated to some extent by the 
rapidity of action. In tests with cryolite 
the maximum mortality for both species 
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larvae at this strength, the 10 per cent 
dust, without further dilution, was used 
in all the tests conducted for comparison 
of the effects of DDT on the two species. 
The data representing the 1943 tests were 
based on four replicates for the tomate 
hornworm and six for the tobacco horn- 
worm. Seven replicates for both species 
were completed in 1944. 

Discussion.—The data are summa- 
rized in table 1. It is evident that the 
tomato hornworm is more susceptible to 
the toxic effects of the compounds tested, 
with the possible exception of phthaloni- 
trile, than is the tobacco hornworm. 
Phthalonitrile has been tested many 
times, and its performance has been 
erratic, probably because of its compara- 
tively volatile nature. It is possible that 
the compound is unstable. In many ways 
its effect on hornworms resembles that of 
DDT. The dead larvae have much the 
same appearance as those killed by DDT. 
The effect is rapid, but the larvae that 
survive the first 2 days after exposure to 
phthalonitrile usually feed and develop 
normally. 

The extreme susceptibility of the 
tomato hornworm to DDT is interesting. 
A number of additional tests have been 
conducted in which different strengths 
have been employed, but as yet the 












was observed on the second day. With 
the tomato hornworm the maximum 
mortality from phthalonitrile occurred 
during the first 24 hours, and with the 
tobacco hornworm after 48 hours. With 
the tomato hornworm the maximum 
mortality due to p-aminoazobenzene hy- 
drochloride and p-aminoazobenzene was 
noted on the second day, but with the 
tobacco hornworm the maximum mor- 
tality from p-aminoazobenzene hydro- 
chloride was noted on the third day and 
from p-aminoazobenzene on the fourth 
day. Ninety-nine per cent of the tomato 
hornworm larvae succumbed to DDT 
during the first day, whereas the maxi- 
mum mortality of the tobacco hornworm 
larvae was not reached until the fourth 
day. 

Conc.usions.—The organic compounds 
so far tested have shown little effective- 
ness against the tobacco hornworm. 
However, a few—diazoaminobenzene, 
p-aminoazobenzene hydrochloride, and 
DDT—have been surprisingly effective 
against the tomato hornworm. It seems 
probable that, where the tomato horn- 
worm is the prevalent species, some of the 
available organic compounds might be 
more effective than any of the arsenical 
and fluorine insecticides available at the 
present time.—8-31-46. 
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Effect of the Thermal-Vacuum Process on 
Insects in Stored Tobacco 


C. O. Bars, Josern N. Tenner, and W. D. Reep,! U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Cigarette-type tobaccos are normally 
held in storage for about 30 months for 
aging. During this period flue-cured 
tobacco is often infested by the cigarette 
beetle, Lasioderma serricorne (F.), and the 
tobacco moth, Ephestia elutella (Hbn.). 
Losses of tobacco in storage are high and 
control of insects is a serious problem. In 
many cases, however, insect infestation 
in stored tobacco does not attract so 
much attention as infestation after manu- 
facture. In the manufactured product— 
cigarettes, cigars, and pipe or chewing 
tobacco—insect infestation means not 
only a loss of the infested product but also 
a loss of the customer’s good will. It is 
essential that the infestation of tobacco in 
storage not be carried over into the manu- 
factured product. 

In modern  tobacco-manufacturing 
plants most of the tobacco is treated in a 
thermal vacuum. Tobacco as it comes out 
of storage is dry and brittle and cannot be 
handled without loss from breaking and 
crumbling. It is therefore necessary to 
condition it by adding moisture. This was 
formerly accomplished by placing the 
tobacco in a room of high relative hu- 
midity for several days, but a machine 
that accomplishes the same result in less 
than 30 minutes is now in use. The 
tobacco in hogsheads is placed in a 
vacuum tank and the air is exhausted to a 
vacuum of more than 29 inches as meas- 
ured on a standard mercury gauge. Live 
steam is then introduced into the chamber, 
and quickly penetrates the entire mass of 
tobacco. 

It has been known for several years 
that the thermal vacuum process kills 
many insects (Reed & Vinzant 1942). 
When the process was introduced in 1935, 
it was found that eggs and larvae of the 
cigarette beetle and the tobacco moth 


1 Now with U. S. War Department. 


were killed by the treatment. Data have 
been lacking, however, to prove the 
complete effectiveness of this process in 
destroying insect life. The question is 
important, for upon its answer depends 
the necessity for additional treatment. In 
order to obtain final evidence on the sub- 
ject, a carefully replicated experiment was 
conducted in the summer of 1944. All tests 
were conducted under commercial condi- 
tions, with regular factory personnel 
handling the equipment. Six replicates of 
the experiment were completed. 

Test lots of insects consisting of 50 
adults, 25 eggs, 10 larvae, and 10 pupae 
of the cigarette beetle and 10 larvae and 
10 pupae of the tobacco moth (the two 
stages considered most resistant) were 
placed in small wire-gauze cages. These 
cages were then placed in perforated 
hollow metal spikes, a stave was removed 
from each hogshead, and through the 
opening thus made the spikes were driven 
into the tobacco. By this means the lots of 
test insects were inserted into the mass of 
tobacco at depths of 1.5 to 9.5 inches. The 
depth at which each stage of either insect 
was placed in the tobacco was random for 
each replicate of the experiment. For each 
test or replicate 5 cages of each stage. of 
insect were prepared. Four cages were 
treated and the fifth was held as a check. 
Four hogsheads of tobacco were used in 
each test, which was one-half the number 
processed at one time. 

The vacuum chamber consisted of a 
steel cylinder approximately 5.5 feet in 
diameter and 40 feet long. At both ends 
heavy doors closed against rubber gas- 
kets. Evacuation of the cylinder was 
accomplished by means of aspirators 
utilizing steam at a pressure of about 95 
pounds per square inch. In making a 
treatment the procedure was to exhaust 
the air until a vacuum of 29.5 inches was 

















registered on a standard mercury gauge, 
and to hold this vacuum for 5 minutes. 
Live steam at a temperature of approxi- 
mately 300° F. and a pressure of 95 pounds 
was slowly admitted until the vacuum 
within the cylinder was reduced to about 
18.5 inches. The cylinder was then again 
evacuated to a reading of approximately 
27.2 inches on a standard mercury gauge. 
This vacuum was held for 3 minutes, after 
which it was quickly released and the 
chamber was opened for the removal of 
the hogsheads. 

The maximum temperature attained in 
the treated tobacco was estimated to 
range from 170° to 176° F. The total 
length of each treatment was approxi- 
mately 16 minutes. After removal of the 
hogsheads from the vacuum chamber, the 
spikes were withdrawn from the tobacco 
and the insects were removed and held for 
observation. The mortality of larvae and 
adults was determined at the end of 24 
hours, but eggs and pupae were kept 
under observation for 10 days. In all tests 
100 per cent mortality of all stages was 
obtained. 

In connection with this experiment, the 
question was raised as to the effect that a 
high vacuum has on insects. Repeated 
observations have indicated that a 
vacuum alone does not kill the cigarette 
beetle or the tobacco moth. Livingstone 
& Reed (1940) found water vapor to be an 
important factor affecting survival of the 
cigarette beetle and the tobacco moth at 
reduced pressure. Back & Cotton (1925) 
found that exposure to a 28- to 29-inch 
vacuum killed many species of insects, 
and that the mortality was increased by 
prolonged exposure. However, the maxi- 
mum vacuum used by these workers was 
29 inches. With the equipment used by the 
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present writers a much higher vacuum was 
possible. The vacuum in the chambers 
could be reduced to 29.8 inches so rapidly 
that water placed in the machine would 
freeze in approximately 7 minutes, the 
period of vacuation. It seemed possible 
that such high vacuum with the ac- 
companying sudden drop in temperature 
might kill insects in a short time. An un- 
replicated experiment on the effect of such 
a vacuum was therefore conducted. 

Four test lots of 25 individuals of each 
stage of both the cigarette beetle and the 
tobacco moth were placed in the chamber 
and subjected to a high vacuum. A 
vacuum of 29.8 inches of mercury was 
reached in 7 minutes and held for 3 
minutes. The period of release was 2 
minutes. Room temperature at the time of 
the test was approximately 75° F. 

Adults of the cigarette beetle were not 
affected, nor were the eggs of either 
species. The mortality of other stages was 
as follows: Cigarette beetle—larvae 21 per 
cent, pupae 36 per cent; tobacco moth— 
adults 8 per cent, larvae 11 per cent, 
pupae 13 per cent. In no instance was the 
mortality high enough to approach eco- 
nomic control. 

SuMMARY AND Concusion.—The ther- 
mal-vacuum treatment for conditioning 
tobacco is also effective in destroying in- 
sect life. Evidence is presented to show 
that tobacco treated by this process is 
freed of the cigarette beetle, Lasioderma 
serricorne (F.), and the tobacco moth, 
Ephestia elutella (Hbn.), and that infesta- 
tion in storage will not be carried over into 
the manufactured tobacco products. The 
insect mortality appears to be caused by 
heat and vacuum combined, since a very 
high vacuum alone produced only neg- 
ligible mortality.—7-1-46. 
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The development of heat-generated 
aerosols has been recently reviewed 
(Latta 1945). As a part of these studies it 
was desired to explore the possibilities of 
using aerosols for large-area control of 
agricultural and forest insects, and among 
the problems selected as best suited for 
such a study was the control of larvae of 
the gypsy moth, Porthetria dispar (L.), in 
forested areas. 

Tests were made in heavily infested 
areas in New England during 1944 and 
1945, with various agencies of the Bureau 
and the State of Connecticut cooperating.! 
The objective of the cooperating agencies 
was to observe the possibilities of aerosols 
as a means of controlling gypsy moth in- 
festations. The writer was primarily inter- 
ested in the behavior of aerosol clouds 
when applied to forested areas, and the 
discussion in this paper is based on that 
phase of the study. 

Different generators were used in the 
two seasons’ tests. As discussed previously 
(Latta 1945), the only aerosol generator 
available in the spring of 1944 was an 
army oil-fog generator modified to pro- 
duce aerosols with particles averaging ap- 
proximately 2 to 3 microns in diameter. 
Tests were made with this generator in the 
Cape Cod area of Massachusetts from 
May 19 to 22, 1944, when most of the 
gypsy moth larvae were in the first and 
second instars. 

The aerosols were generated by adding 
DDT dissolved in cyclohexanone to the 
oil supply of the generator. In this ma- 
chine the oil was passed through coils, 
where it was heated to approximately 

950° F., and was dicharged as a vapor. 
Upon contact with air the vapor con- 
densed into microscopic particles, each of 
which presumably contained a proportion- 
ate amount of the DDT added to the oil. 
In normal procedure the particles of the 


1 In 1944 the Division of Forest Insect Investigations and the 
Division of Gypsy and Brown-tail Moths Control of the Bu- 
reau of reas iy and Plant Quarantine assisted in the tests, 
and in 1945 the Connecticut State Entomologist’s Office also 
assisted. S. F. Potts assisted in the 1944 applications, and Ralph 
F. Holbrook observed defoliation and feeding during both years, 
performed tests of repellency, and le records on frass deposit 
in drop trays, on the numbers of larvae dropping from trees 
after treatment, and on the mortality of spinning larvae. Other 


— of these organizations assisted in various aspects of the 
udy. 
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oil fogs produced by this generator aver- 
aged less than 1 micron in diameter. By 
discharging the oil vapor into a 30-gallon 
drum with the head removed, the particles 
coagulated sufficiently to raise the average 
diameter to 2 or 3 microns. There may 
have been some destruction of DDT due 
to the high temperature. The aerosols 
were generated from a single point in each 
instance, and the cloud drifted downwind 
in the shape of a plume. 

A Hochberg-LaMer generator was 
available for use in 1945, through the 
courtesy of the Columbia University 
Laboratory of the National Defense Re- 
search Committee. The development of 
this generator was also discussed previ- 
ously (Latta 1945). In this machine, oil 
containing DDT is emulsified with an 
equal amount of water, and the mixture is 
passed through a coil and heated to any 
desired temperature between the boiling 
point of water and that of the oil. The 
water phase of the emulsion is vaporized 
but the oil remains liquid. When dis- 
charged through a nozzle by the steam 
pressure generated in the coil, the oil is 
broken up into aerosol-sized particles. 
Almost any desired particle size in the 
aerosol range can be obtained by manipu- 
lation of the temperature and pressure, or 
by changing the viscosity of the oil. 
Tests by the inventors indicated no break- 
down of DDT at the temperatures nor- 
mally used. Approximately 15 to 20 gal- 
lons of emulsion per hour can be con- 
verted into an aerosol in this machine. 
The aerosols in this instance were applied 
along the windward front of an experi- 
mental plot by mounting the generator on 
a truck, which moved slowly back and 
forth across the front of the plot. (Fig- 
ure 1.) 

As could be expected, several applica- 
tions were unsatisfactory because of poor 
distribution due to unfavorable atmos- 
pheric conditions. Seven applications 
were satisfactory, three in 1944 and fourin 
1945. These are briefly outlined as fol- 
lows: 

Treatment A.—May 18, 1944; weather 
sunny and warm; time 2:30 p.m.; wind 
10 MPH or greater above canopy; 8 
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pounds of DDT applied from a fixed 
point; terrain rolling, well covered with 
oaks up to 20 feet high; average particle 
diameter 1 micron. 

Treatment B.—May 20, 1944; weather 
sunny and warm; time 4 p.m.; wind 10 
MPH or greater above canopy; terrain a 
shallow but narrow valley covered with 
open growth of oaks up to 20 feet high; 8 
pounds of DDT applied from a fixed 
point; average particle diameter 2 to 3 
microns. 

Treatment C.—May 22, 1944; weather 
cloudy, about 65°F., rain 2 hours after 
application; time 5 p.m.; wind mild, 1 
to 2 MPH; terrain hilly, well covered with 
oaks up to 20 feet high; 8 pounds of DDT 
applied from a fixed point; average par- 
ticle diameter 2 to 3 microns. 

Treatment D.—May 15, 1945; weather 
sunny and warm; time 3:15 p.m.; wind 5 
to 10 MPH above canopy; terrain level, 
forested, covered with mixed growth 20 
to 30 feet high; 31.5 ounces of DDT ap- 
plied along a plot frontage of 500 feet; 
average particle diameter 12 to 20 
microns. 

Treatment E.—May 23, 1945; weather 
cool following a sunny and warm day; 
time 8 p.m., just at dusk; wind none, air 
drainage down mountainside; terrain 
mildly rolling area on mountain slope, 
well covered with tall trees 50 to 60 feet 
high; 69 ounces of DDT applied along a 
plot frontage of 500 feet; average particle 
diameter 12 to 20 microns. 

Treatment F.—May 28, 1945; weather 
cloudy, light rain at intervals; time 2 
p.-m.; wind 10 MPH; terrain a level for- 
ested area, covered with low growth 20 
to 30 feet high; 60 ounces of DDT ap- 
plied along a plot frontage of 660 feet; 
average particle diameter 12 to 20 mi- 
crons. 

Treatment G.—May 29, 1945; weather 
sunny and warm; time 2 p.m.; wind 10 
MPH above canopy; terrain rolling, on 
mountainside, well wooded with trees 
about 50 feet high; 180 ounces of DDT ap- 
plied along a plot frontage of 500 feet; 
average particle diameter 12 to 20 mi- 
crons. 

The gypsy moth made an excellent test 
insect on which to study the behavior of 
aerosols. For several hours after an ap- 
plication the affected larvae spin down on 
long threads, and the area covered by an 
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effective concentration of aerosol can be 
easily delimited by the presence of spin- 
ning larvae. The larvae are well dis- 
tributed vertically, feeding on low under- 
brush, as well as in foliage clear to the 
top of the forest canopy. The ammount of 
feeding after the application of an aerosol 
can be gaged by the use of 3-by-3-foot 
cloth trays placed under favored host 
trees. Feeding shows up immediately by 
the deposit of frass on the trays. Normal 
larvae feed voraciously on foliage in 
captivity; therefore tests for residues are 
comparatively easy to perform. The ex- 





Fic. 1.—Applying an aerosol to a forested area 
by moving the truck-mounted generator along a 
woods road. 


tent of subsequent defoliation, as well as 
the occurrence of new egg clusters at the 
end of the season, also aids in determining 
migration of larvae into a treated plot. 
(The female moth oviposits in the im- 
mediate vicinity of the pupal case from 
which she emerged; hence an egg cluster 
is almost positive evidence of the earlier 
presence of a grown larva.) 

The behavior of the aerosol clouds as 
observed visually, and as evidenced by 
the effect on the population of gypsy moth 
larvae, is discussed under the following 
headings. 

INFLUENCE: OF ATMOSPHERIC CONDI- 
TIONS ON APPLICATION TO FORESTED 
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AREAS.—The application of aerosols to 
forested areas is somewhat different from 
that in open terrain. Attempts were made 
at dawn, throughout the day, and at 
dusk, under both sunny and overcast 
conditions, and in the rain. The one 
thing necessary under all conditions tested 
was a positive air movement in one direc- 
tion. With one exception, this was found 
to exist only when there was a fairly 
steady wind of 10 MPH or more above the 
forest canopy. Such a wind above the 
canopy produced turbulence within the 
forest, which distributed the aerosols to 
all heights and yet maintained a general 
downwind direction of movement. Under 





Fie. 2.—Overcoming local turbulence over a forest 
roadway by use of a high-velocity blower, which car- 
ried the aerosol beyond the range of such turbulence. 


such conditions rising aerosol clouds were 
sheared off as they arose above the can- 
opy and were immediately driven back 
down into the trees. The influence of 
thermal up-currents existing on sunny 
days apparently was overcome by this 
effect. 

In winds of lesser velocity above the 
canopy the air movement in the forests 
tended to travel in large circles, the direc- 
tion at one spot changing to all points of 
the compass within a few minutes. 

The one exception encountered was at 
dusk in an apparently dead calm, when 
good inversion and an air drainage down 
a mountainside provided almost ideal 
conditions for applying an aerosol. 

Local turbulence over roadways was 
also a disadvantage. Regardless of the 
direction of winds above the canopy, air 
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movement tended to flow down a road- 
way through the forest. This was over- 
come in one test by the use of a high- 
velocity blower (Fig. 2), which carried the 
aerosol through the forest to a point far 
enough from the roadway so that move- 
ment in one direction was positive. 

When aerosols were applied from open 
terrain along the edge of a forest, tur- 
bulence such as existed over roadways was 
absent, and the air movement satisfac- 
torily carried the aerosols into the forest. 

Aerosols applied during light rainfall, 
as in treatment F, or after heavy rains, 
were apparently as effective as those ap- 
plied in dry weather. The residues from 
aerosols applied when the foliage was very 
wet, and also where heavy rainfall oc- 
curred soon after application, remained 
repellent throughout most of the season 
(see later discussion on this subject). 

DiIsTANCE AT WHICH CONTROL WAS EF- 
FECTED.—The effect of an aerosol cloud 
decreases as the distance from the point 
of generation increases. For the distance 
that complete mortality of insects is ef- 
fected, it can be assumed that more than 
the needed amount of insecticide has been 
applied. From that point outward the 
mortality should decrease in proportion to 
the increase in distance. 

The relation between efficiency and dis- 
tance was demonstrated in treatment A, 
where the aerosol was generated at a fixed 
point and drifted downwind in a plume- 
shaped cloud. The mortality along a line 
down the center of the area covered was 
estimated the day following application. 
The number of larvae on drop trays and 
the number remaining on foliage, as com- 
pared with untreated areas, were the 
basis of the estimate. 





DISTANCE FROM EstTIMATED 
GENERATOR MortAaLity 
(Feet) (Per CENT) 

25 95 

50 90 

60 85 

75 80 

100 65 

125 60 

150 40 

200 25 

300 15 

$50 0 


As noted previously, the dosages of 
DDT applied were 8 pounds from a fixed 
point (treatments A, B, and C), and from 
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0.063 to 0.86 ounce per front foot on 
rectangular plots (treatments D, E, F, 
and G). Complete control was not at- 
tained in treatments A, B, and C, except 
in the immediate vicinity of the point of 
application. Complete control was at- 
tained in treatments D, E, F, and G for 
distances ranging from 250 to 800 feet. 

In treatments D, E, F, and G it had 
been observed that the aerosol cloud cov- 
ered an area approximately equal in 
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ence of larvae or evidences of feeding near 
these stations are given in table 1. Where 
no frass was deposited until after the 10th 
day, it was considered that all larvae 
present had been killed. Feeding after the 
10th day, as evidenced by frass on the 
trays or by actual observation, was con- 
sidered to be due to larvae migrating into 
the area from adjacent untreated areas. 
It was determined that all larvae spin- 
ning down were lethally affected by the 


Table 1.—Locations in treated plots where gypsy moths were first present after the application of 














aerosols. 
TIME DISTANCE AT WHICH THE FoLLowina WERE Founp 
DISTANCE ELAPsE 
TREAT- To Last AFTER Frass on Larvae on Evidence of New egg 
MENT TRAY APPLICATION trays foliage feeding clusters 
Feet Days Feet Feet Feet Feet 

D 250 0-10 0 0 0 —_ 
11-20 150 150 150 — 
21-30 150 150 150 - 
31-40 150 150 150 —_ 
41-50 100 100 100 — 
51-up 100 100 100 100 

E 800 0-10 0 0 0 —_ 
11-20 0 0 0 — 
21-30 0 0 0 — 
31-40 700 700 700 — 
41-50 700 700 700 ~— 
51-up 600 600 600 500 

F 500 0-10 0 0 0 —_ 
11-20 500 500 500 — 
21-30 400 400 400 — 
31-40 400 400 400 — 
41-50 400 400 400 — 
51-up —_ = — 200 

G 800 0-10 0 0 0 _— 
11-20 0 0 0 “ee 
21-30 600 600 600 —_ 
31-40 600 600 600 _ 
41-50 600 600 600 — 
51-up = —_ _ 600! 





1 One egg cluster found at 200 feet. 


width to the original front of application. 
The margins were established by visual 
observation of the aerosol cloud, and by 
observation of spinning larvae. In treat- 
ment D trays were spotted throughout the 
area at distances of 10, 25, 50, 60, 100, 
120, 150, and 200 feet from the front. In 
treatments E, F, and G two lines of trays, 
each about 100 feet in from the estab- 
lished side margins, were placed from 
front to back of the plots, zt 100-foot in- 
tervals. The records of frass deposited on 
these trays and observations of the pres- 


aerosol. Various collections of spinning 
larvae revealed a refusal to feed and com- 
plete mortality on the 2nd or 3rd day. 
It was not determined whether all lar- 
vae in the plots were killed by contact 
with airborne particles of the aerosol, or 
whether many of them were killed by con- 
tact with a residue of DDT deposited 
upon bark or foliage. In all tests where 
drop trays were present during the first 
few days after an application, larvae con- 
tinued to drop from trees in large numbers 
for as long as 8 days. In treatment D 
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.many eggs had not yet hatched because 
of cold weather. The following records of 
collections on 12 trays indicate that after 
the third day all the larvae were in the 
‘first instar, even though second and third 
instars predominated in adjacent un- 
treated areas: 


Day AFTER 
APPLICATION 


Ist 1,064 
2nd 209 
8rd 73 
6th 403 
7th 122 
10th 4389 


NuMBER OF 
LaRVAE COLLECTED 





It was concluded that the larvae that 
dropped during the first 3 days were those 
present on the foliage when it was treated, 
and those that dropped on the sixth to 
tenth days were newly hatched and were 
killed by crawling up the trunk and over 
foliage on which there was a DDT de- 
posit. No evidence was found after the 
other treatments. 

In November the numbers of new egg 
clusters present in 20-foot squares near 
each station were also recorded (table 1). 
The presence of a substantial population 
of gypsy moth larvae throughout the 
plots and the viability of the general 
population in contiguous areas were es- 
tablished by pretreatment surveys, rec- 
ords of larvae on untreated foliage 
amount of defoliation, and records of the 
egg clusters of the previous and current 
seasons. 

The distances at which control of lar- 
vae was attained, with the amount of 
DDT applied and the average particle 
size of the aerosol, are summarized in 
table 2. 


Table 2.—Distances at which control of gypsy 
moth larvae was attained with aerosols. 








FaRTHEST 
Distance Distance 
or Com- oF ANY 
PLETE NOTICE- 
Mor- ABLE 
taLity Errect 


AVERAGE 
PARTICLE 
DIAMETER 


DosaGe 
PER Front 


TREATMENT Foor 





Q2syawS 





1 Applied from a fixed point. 
2 End of infestation. a3 
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REPELLENCY OF DEPOSITS FROM AERO- 
SOLS GENERATED IN THE HOCHBERG- 
LAMER GENERATOR.—DDT applied in 
dusts and sprays is very toxic to gypsy 
moth larvae, but other workers have not 
noticed any repellency of deposits left 
from such applications, or any reluctance 
of the larvae to feed on sprayed or dusted 
foliage. Foliage exposed to aerosols gen- 
erated in the Hochberg-LaMer generator 
(treatments D, E, F, and G) was defi- 
nitely repellent to larvae. 

In treatment D foliage collected 25, 50, 
and 80 feet from the point of origin of the 
aerosol cloud was fed to lots of larvae on 
the 3rd, 6th, 10th, 13th, 36th, and 51st 
days. In no instance would the larvae feed 
on foliage from the 25-foot station. Not 
only did they refuse to feed, but they 
tended to crowd the corners of the feeding 
trays as far removed from the foliage as 
possible, and some attempted to escape 
across the tanglefoot bands, an unprece- 
dented behavior. Foliage collected 50 feet 
from the point of origin was highly re- 
pellent until after the 36th day, but some 
slight feeding occurred in all trials. Foliage 
from the 80-foot station had slight repel- 
lency through the 13th day. Untreated 
foliage was consumed voraciously. Foliage 
from a treatment abandoned because of 
adverse atmospheric conditions remained 
repellent to most larvae when fed after 
various intervals up to 29 days. On the 
41st day the foliage was no longer repel- 
lent. 

In table 1 it will be noted that evidences 
of feeding, or of frass on trays, were at the 
most distant part of the plots, where the 
deposit would be lightest. In all four treat- 
ments larvae migrated into the plots 
from the back margin. In treatment D 
frass began to appear at 150 and 200 feet 
on the 13th day, but did not appear on the 
100-foot tray until after the 41st day. 
Also no egg clusters were found closer 
than 100 feet. In treatment E frass ap- 
peared on the 700- and 800-foot trays by 
the 33rd day, but did not appear on a 
600-foot tray until after the 41st day. 
Only one egg cluster was found inside the 
600-foot mark. 

In treatment F no frass appeared on 
any tray until the 15th day, when some 
appeared at 500 feet. By the 22nd day 
frass appeared on the 400-foot tray. When 
egg-cluster counts were made, a few were 














October 1946 


found at 300 feet and one at 200 feet. In 
treatment G no frass was found through 
the 22nd day, but by the 27th day frass 
had appeared at 600, 700, and 800 feet. 
When egg clusters were counted, they 
were not found any closer than 600 feet, 
with the one exception at 200 feet. Prac- 
tically no larvae migrated in from the side 
margins. The fore part of all plots re- 
mained free from larvae throughout the 


feeding season, even though each was bor- ° 


dered on three sides by moderately heavy 
infestations, and the distance to the heart 
of the plots was not too far for larvae to 
migrate. The apparent conclusion is that 
the deposition of aerosol was sufficient to 
remain repellent to, or to cause mortality 
of, larvae, thus preventing reinfestation 
during the current season. It has not been 
determined whether the DDT or some 
other component of the emulsion was re- 
sponsible for the repellent action. 

APPLICATION OF AEROSOLS TO INDI- 
VIDUAL TREES.—Heat-generated aerosols 
were also applied in 1945 to a number 
individual trees along roadsides or in door- 
yards. Two methods were used—(1) by 
utilizing the tendency of an aerosol cloud 
to rise perpendicularly in a dead calm, 
and (2) by directing the aerosol with a 
high-velocity air stream produced by a 
powerful blower. 

It was possible to completely envelop 
even large spreading trees in an aerosol 
cloud by the first method (figure 3) by 
making the applications in the calm per- 
iod often occurring at daybreak. It was 
necessary to move the truck-mounted 
generator about under various parts of the 
tree, which was a disadvantage because of 
the amount of aerosol needed and the 
necessity of having access to the entire 
area under the tree. In four tests the popu- 
lations were effectively reduced, as evi- 
denced by the numbers of egg clusters in 
1945 compared with those in 1944, as fol- 
lows: 


1944 1945 

1,000 44 

200 3 

320 0 

2,214 47 
(check) 50 1,004 


Individual trees could be quickly and 
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efficiently covered with an aerosol when 
it was directed by the air stream from a 
powerful blower, in the manner illustrated 
in figure 2. In several tests all larvae were 
killed by small amounts of aerosols so 
applied. 





Fic. 3.—Method of applying an aerosol to an indi- 
vidual tree by employing the tendency of the aerosol 
cloud to rise perpendicularly in a dead calm. 


SummMary.—The behavior of aerosol 
clouds when applied to forested areas was 
studied in 1944—45 by observing their ac- 
tion on general infestations of larvae of 
the gypsy moth, Porthetria dispar (L.). 
Two thermal generators were used, a 
military oil fog generator and a Hoch- 
berg-LaMer aerosol generator. Successful 
applications were performed only when a 
steady wind of 10 MPH or more existed 
above the forest canopy, or under good in- 
version with an eventide air drainage 
down a mountain slope. Complete mor- 
tality was obtained at a depth of 800 feet 
with as little as 0.188 ounce of DDT per 
front foot. Aerosols produced in the 
Hochberg-LaMer generator left a deposit 
which in some instances remained repel- 
lent for the remainder of the feeding sea- 
son. Methods of applying aerosols to indi- 
vidual roadside or dooryard trees are dis- 


cussed. 


LITERATURE CITED 
Latta, R. 1945. Preliminary investigations on heat-generated aerosols for the control of agricultural 


pests. Jour. Econ. Ent. 38(6): 668-70. 














A Modified Aerosol Formula for Use Against 
Mosquitoes and Houseflies! 
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Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Workers of the Bureau of Entomology 
and Plant Quarantine found that pyreth- 
rum in the aerosol formula may be con- 
served by increasing the amount of sesame 
oil. Lindquist et al. (1945) showed that 0.2 
per cent of pyrethrins with the basic DDT 
aerosol formula (5 per cent of DDT plus 
10 per cent of cyclohexanone) produced an 
excellent spray against both flies and mos- 
quitoes. They have also found that vege- 
table and motor oils are just as effective as 
sesame oil in both the pyrethrum and 
DDT aerosols. The present paper de- 
scribes a continuation of these studies in 
which emphasis was placed on a modifica- 
tion of the basic DDT aerosol formula, as 
well as the pyrethrum formula, for the 
purpose of increasing effectiveness or im- 
proving its physical properties (Lindquist 
et al. 1945, 1946). 

As in the preceding work, the tests were 
conducted against the common malaria 
mosquito, Anopheles quadrimaculatus Say, 
and the housefly, Musca domestica L. No 
distinctions were made between mortali- 
ties of male or female mosquitoes. The 
same equipment and methods were used; 
that is, the insects confined in small screen 
cages were carried around an aerosol-filled 
room, the mosquitoes for 1 minute and the 
houseflies for 5 minutes, and then trans- 
ferred to clean holding cages. In some of 
the later tests the exposure period for 
houseflies was reduced from 5 to 2 min- 
utes. In some of the tests aerosols were 
discharged from special dispensers (Mc- 
Govran et al. 1943) instead of from the 
standard 1-pound containers. Unless oth- 
erwise mentioned, Freon-12 (dichlorodi- 
fluoromethane) was used as the carrier 
gas. 
Errect or Fatry Matertats.—Three 
formulas containing 5 per cent of DDT 
were prepared in which the content of cy- 
clohexanone was reduced to 6 per cent and 
5 per cent of a fatty material—propylene 

1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the Office 
of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. The authors are indebted to 
H. A. Jones for technical advice and assistance on the chemical 


aspects of the problem, and to J. Beidler, S. A. Webb, and D. 
Burnett, Jr., for assistance in conducting the tests. 


glycol monooleate, propylene glycol mon- 
olaurate, or oleic acid—was added. From 
5 to 20 tests were conducted with these 
aerosols against houseflies and mosquitoes 


‘at the sublethal dosage of 20 mg. of DDT 


per 1000 cubic feet. The formula contain- 
ing propylene glycol monooleate gave no 
better results against either insect than 
did the basic DDT formula, but those 
containing propylene glycol monolaurate 
and oleic acid gave appreciably greater 
kills of mosquitoes. In neither case, how- 
ever, was the increase in effectiveness 
enough to warrant further consideration 
of these materials, since there was no 
marked improvement in the knock-down. 

Errect or Wettinc AGENts.—It ap- 
peared possible that a wetting agent 
might help the particles of insecticide in 
the aerosol to penetrate the chitin of the 
insect. Therefore, the effect of adding 2.5 
per cent of various wetting agents to the 
basic DDT formula was studied. The wet- 
ting agents used were Vatsol OT (dioctyl 
sodium sulfosuccinate), and Nopco 1216 
(sulfonated sperm oil). 

A greater kill of mosquitoes resulted 
when Vatsol OT was added but there was 
no increase in mortality of houseflies. 
With the formula containing Nopco 1216 
the mortality of both insects was much 
less than that obtained with the basic 
DDT formula. 

An attempt to include triethanolamine 
oleate and Wetsit (alkylated aromatic sul- 
fonate) in the series was prevented by the 
fact that these materials were found to be 
immiscible in Freon. 

Errect or O1s.—The results of tests 
comparing the effectiveness of pyrethrum 
aerosols (0.4 per cent of pyrethrins) con- 
taining 8 per cent of sesame, kerosene, or 
motor oil (S.A.E. viscosity 10 and 70) are 
summarized in table 1. The motor oils 
gave results against mosquitoes compara- 
ble with those obtained with sesame oil, 
but kerosene was definitely less effective. 
The usual lack of effectiveness of pyreth- 
rum against houseflies is shown, and it is 
doubtful whether any significance can be 
placed on the higher kill with the aerosol 
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containing kerosene. The results against 
houseflies in these particular low-dosage 
tests probably are not significant because 
total mortalities of 10 per cent or less were 
obtained. Eagleson (1942) has shown that 
other oils in pyrethrum fly spray do not 
increase the toxicity so much as does 
sesame oil. 

A series of tests of the basic DDT aero- 
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formula, but not of the DDT-pryethrum 
formula. 

Errect oF Various CONCENTRATIONS 
or DDT.—Owing to the possibility of 
some damage occurring to lacquers and 
plastics through careless use of DDT aero- 
sol solutions containing 10 per cent of cy- 
clohexanone, a substitute formula ap- 
peared desirable. Formulas containing re- 


Table 1.—Effectiveness against mosquitoes and houseflies of aerosols containing pyrethrum 
(0.4 per cent of pyrethrins), together with sesame oil, keorsene, or motor oil. Aerosols discharged 
from a special dispenser at the rate of 1.61 mg. of pyrethrins per 1000 cubic feet. From 380 to 


682 insects used in testing each formula. 




















Anopheles quadrimaculatus Musca domestica 
Knock-down in— Knock-down in— 
Kill in Kill in 
Om Tests 10Minutes 2 Hours 24Hours 10Minutes 2 Hours 24 Hours 
Number PerCent Per Cent Per Cent Per Cent Per Cent Per Cent 
Sesame oil 9 34 73 68 11 0 8 
Kerosene 6 23 22 19 1 0 16 
Motor oil: 
S.A.E. 10 6 49 81 60 6 0 10 
S.A.E. 70 6 73 85 64 5 0 7 





sol plus 5 per cent of motor oils of different 
viscosities (table 2) showed that light and 
heavy oils are equally effective in increas- 
ing the toxicity of this-aerosol. 


Table 2.—Effect of adding 5 per cent of motor 
oils of different viscosities to the 5 per cent DDT- 
10 per cent cyclohexanone aerosol formula. Aver- 
age of 5 tests, using 267 to 426 insects in each 
test. 














Anopheles Musca 
in quadrimaculatus domestica 
S.A.E. 
Viscos- Knock-down in— Knock-down in— 
ity ——————. Kill aa ORI 
oF 10 in 10 in 
Motor Min- 2 24 Min- 2 24 
Om utes Hours Hours utes Hours Hours 
Per Per Per Per Per Per 
Cent Cent Cent Cent Cent Cent 
No oil 2 6 43 0 3 87 
10 1 24 61 0 9 95 
30 0 25 67 0 ll 96 
50 0 21 67 0 18 97 
70 1 20 60 0 17 94 





To determine what concentration of oil 
produced the best results, 1, 2, and 5 per 
cent was added to both the basic DDT 
formula and the same formula containing 
pyrethrum in addition. The results are 
presented in table 3. At the dosage used, 
increasing the concentration of motor oil 
from 1 to 5 per cent gave a progressive 
increase in effectiveness of the basic DDT 


duced concentrations of DDT with and 
without reduced concentrations of cyclo- 
hexanone were tested. After various com- 
binations and percentages of DDT, 
pyrethrins, and adjuvants had been tried, 
a combination which contained 3 per cent 
of DDT, 5 per cent of cyclohexanone, 5 
per cent of motor oil (S.A.E. 30), and 0.2, 
0.3, or 0.4 per cent of pyrethrins was 
formulated. Results of comparative tests 
with this formula containing each of these 
three concentrations of pyrethrins and the 
earlier DDT-cyclohexanone-pyrethrum 
and pyrethrum-sesame oil formulas, at the 
sublethal dosage, are presented in table 4. 

The new combination with 0.4 per cent 
of pyrethrins gave the best results against 
mosquitoes, but all concentrations of 
pyrethrins gave similar results against 
houseflies. All the new formulas were less 
effective than the DDT-cyclohexanone 
formula against houseflies, apparently 
owing to the reduction in the concentra- 
tion of DDT from 5 to 8 per cent. The 
combinations containing 0.3 and 0.2 per 
cent of pyrethrins were slightly less effec- 
tive than the pyrethrum-sesame oil for- 
mula against mosquitoes. 

At the recommended practical dosage 
(3 grams of total aerosol per 1000 cubic 
feet) all iae formulas were as effective as 
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Table 3.—Effect of adding various concentrations of motor oil (S.A.E. 50) to the 5 per cent 
DDT-10 per cent cyclohexanone aerosol with and without pyrethrum (0.2 per cent of pyrethrins). 
Dosage of DDT 20 mg. per 1000 cubic feet. Average of 6 tests, with 319 to 478 insects for each 


formula. 


~ee 








Anopheles quadrimaculatus 


Musca domestica 





Knock-down in— 
CoNCENTRATION OF Motor 





Knock-down in— 
Kill in Kill in 








Or 1n AEROSOL 10 Minutes 2 Hours 24Hours 10Minutes 2 Hours 24 Hours 
Per Cent Per Cent PerCent Per Cent Per Cent PerCent Per Cent 
DDT-cyclohexanone: 
1 8 26 33 0 14 66 
2 7 $1 35 3 28 78 
5 4 30 47 0 25 85 
DDT-cyclohexanone + pyrethrium: 
1 17 61 45 2 19 70 
2 18 47 48 1 15 75 
5 14 42 47 1 14 72 





Table 4.—Comparative effectiveness against mosquitoes and houseflies of the modified aero- 
sol formula with different percentages of pyrethrins and the basic DDT and basic pyrethrum for- 
mulas. From 602 to 1140 insects used in testing each combination. Aerosols discharged at the 
rate of 12 to 20 mg. of DDT and 0.8 to 1.61 mg. of pyrethrins per 1000 cubic feet. 




















Anopheles quadrimaculatus Musca domestica 
Knock-down in— Knock-down in— 
Kill in Kill in 
AEROSOL Tests 10 Minutes 2Hours 24Hours 10Minutes 2 Hours 24 Hours 
Number PerCent PerCent Per Cent PerCent PerCent Per Cent 
DDT 8%-+ cyclohexanone 
5%+ motor oil 5%+py- 
rethrum: 
Pyrethrins 0.4% 18 45 88 76 10 9 61 
Pyrethrins 0. 8% 16 26 73 66 4 9 60 
Pyrethrins 0.2% 18 19 58 58 4 10 63 
DDT 5%-+cyclohexanone 
10%+pyrethrins 0.2% 12 5 50 56 4 43 90 
Pyrethrins 0.4%-+sesame 
oil 8% 18 30 88 68 9 0 8 





Table 5.—Comparative tests of 3-per cent DDT, 5-per cent, cyclohexanone, 5-per cent motor 
oil aerosols with pyrethrum added. Aerosols discharged from the special dispenser at 90 mg. of 
DDT and 6to 12 mg. of pyrethrins per 1000 cubic feet. Average of 8 tests with 383 to 540 insects 


for each formula. 








Anopheles quadrimaculatus 


Musca domestica 





Knock-down in— 
CoNCENTRATION OF PYRETHRINS 





Knock-down in— 
Kill in Kill in 








IN AEROSOL 10 Minutes 2 Hours 24Hours 10Minutes 2 Hours 24 Hours 
Per Cent Per Cent PerCent Per Cent Per Cent PerCent Per Cent 
0.4 96 100 100 97 97 100 
8 90 99 99 96 96 100 
2 91 99.8 100 93 88 99 
Check (pyrethrum-sesame oil) 97 91 100 96 54 20 
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the pyrethrum-sesame oil formula against 
mosquitoes and much more effective than 
this formula against houseflies (table 5). 
The formula containing 0.2 per cent of 
pyrethrins was practically as effective as 
the others. However, as an additional 
margin of safety 0.3 per cent of pyrethrins 
is preferable. This formula is relatively 
stable at low temperatures, and yet the 
concentration of cyclohexanone is not suf- 
ficient to cause any concern over potential 
danger to plastics. 

Since these investigations were com- 
pleted Hazen & Goodhue (1946) have 
published the results of substituting an 
aromatic petroleum for the cyclohexanone 
in this formula. This material produces a 
satisfactory aerosol, and reduces the cor- 
rosive action on the container. 

SummMary.—Modifications and  im- 
provements of the basic DDT aerosol 
formula (5 per cent of DDT plus 10 per 
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common malaria mosquitoes, Anopheles 
quadrimaculatus Say, and _houseflies, 
Musca domestica L., are reported. 

The addition of fatty materials or of the 
various wetting agents tested did not ma- 
terially increase the effectiveness of the 
basic formula. 

Motor oil was found to be just as effec- 
tive as sesame oil in the pyrethrum aerosol 
(0.4 per cent of pyrethrins) containing 8 
per cent of oil—the results against house- 
flies being based on low mortalities—and 
it increased the effectiveness of the DDT 
formula. The viscosity of the oil had no 
bearing on the results. 

A formula containing 3 per cent of 
DDT, 5 per cent of cyclohexanone, 5 per 
cent of motor oil, and 0.3 per cent of 
pyrethrins was developed which is rela- 
tively stable at low temperatures, is safe 
to use in the presence of plastics, and has 
the desirable dual effectiveness against 








cent of cyclohexanone) for use against both mosquitoes and houseflies. 
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CENTRAL PLANT Boarp Hotps 
SuMMER MEETING 


L. M. Gates 


Several members of the Central Plant Board ac- 
cepted the invitation of the Iowa Nurserymen’s 
Association for the Central Plant Board to meet with 
ome as special guests at Shenandoah, August 6 
and 7. 

Those in attendance were greatly impressed with 
the large acreage and excellent condition of the 
nursery stock grown in and near Shenandoah. 

This was the first attempt on the part of the Cen- 
tral Plant Board to hold a summer meeting. It gave 
an opportunity to inspect nursery stock as a group 
and to discuss in the field methods of standardizing 
the procedure of plant inspection in the several 
states. 

In a special meeting of the Plant Board the mem- 
bers present expressed their approval of meeting 
with the nurserymen and felt it was profitable and 
worth while and that similar meetings with State 
Associations of Nurserymen should be made an 
annual event. 








Promising results shown from the use of 
kerosene sprays containing DDT in con- 
trol of the California red scale, Aonidiella 
aurantii (Mask.), are due principally to 
the residual action of the DDT. Initial 
kill of the adult scale is poor, but residual 
deposits of the DDT—if sufficiently 
heavy—will effectively prevent the de- 
velopment of the young scale crawlers 
(Lindgren & Boyce 1944, Lindgren e¢ al., 
1944). Since red scale will produce young 
over a period of several months, it becomes 
important to determine the persistence 
of a given initial deposit of DDT under 
field conditions. 

It is the purpose of the present paper to 
discuss the results of a field experiment 
designed to study the effects upon initial 
spray deposits of (1) degree of purity of 
the DDT, (2) uses of certain auxiliary 
solvents, and (3) incorporation into the 
spray mixture of a petroleum gelling 
agent (Ebeling 1945) in order to retard 
penetration of the spray oil, and thus of 
the DDT dissolved in the oil. In addition, 
the rates of (4) penetration, (5) reissu- 
ance, and (6) weathering and decomposi- 
tion of two grades of DDT have been 
determined over a period of three months 
by both chemical and biological means. 
This experiment was conducted during 
the hottest part of the year in order to 
accentuate the effects of high tempera- 
tures upon these factors since it has been 
shown repeatedly (Sweetman 1945, Gun- 
ther & Tow 1946a) that DDT under both 

field and laboratory conditions may be 
heat-labile; laboratory studies* have in- 
dicated also that certain far-ultraviolet 
radiation may induce a type of photode- 
composition of DDT. Unfortunately for 
this preliminary study, in southern Cali- 
fornia the period of maximum tempera- 
tures usually does not coincide with the 
period of maximum intensity of sunlight 
in the far ultraviolet. Sufficient radiation 


1 Presented in part before the American Association of Econ- 
omic Entomologists in Dallas, Texas, December 6, 1945. 

2 Associate in the Experiment Station. 

3 Associate Entomologist in the Experiment Station. 

‘ _ I. Elliot, Principal Laboratory Assistant, assisted in the 
work, 
§ Principal Laboratory Technician. 
6 Unpublished data by F. A. Gunther. 
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as far down as 2875 Angstrom units does 
persist throughout the period studied, 
however, to indicate that both heat-in- 
duced and far ultraviolet-induced decom- 
positions of DDT were probably collec- 
tively involved in the present study. 
Apparently aluminum-ion catalysis was 
also involved in certain instances of de- 
composition. 

MarTeriAts AND Metuops.—Mature 
orange and lemon trees were sprayed in 
the conventional manner with the various 
kerosene emulsion sprays, containing 
either four or eight. grams of technical or 
chemically pure DDT per 100 milliliters 
of kerosene, indicated in table 1. In the 
total of twelve applications, these varia- 
tions were also extended to include all 
combinations containing one gram of 
aluminum stearate and 10 milliliters of 
tetralin or the latter alone, or, 10 milli- 
liters of Velsicol AR 60" per 90 milliliters 
of kerosene. 


Table 1.—Spray treatments applied to mature 
citrus trees. All sprays were used at a final con- 
centration of 3 per cent and with 4 ounces of 
blood albumin spreader per 100 gallons of spray. 

















G. or 
MILLILITERS OF ALuMI- 
TREAT G. or DDT NUM 
MENT ——————— Kero- Tetra- Velsicol Srear- 
No. Tech. C.P. sene lin AR60 arTE 
1 4 _ 100 — — _— 
2 4 _ 100 — _ 1 
3 8 _— 90 10 _ -_- 
4 8 ~- 90 10 1 
5 8 -- 90 -- 10 _— 
6 8 — 90 a 10 1 
7 _ 4 100 _ _ _ 
8 _ + 100 _— _ 1 
9 _ 8 90 10 _ —_ 
10 _ 8 90 10 _— 1 
ll _ 8 90 _ 10 _ 
12 _ 8 90 _— 10 1 
Representative samples of 75 leaves 


each were collected from the north and 
south sides of each tree at varying inter- 
vals after spraying, and the deposits of 
DDT thereon were determined immedi- 
ately by the dehydrohalogenation method 
(Gunther 1945a and b) of analysis. Eight 
fruits per treatment from these same trees 
were also collected at weekly intervals and 
immediately infested with 200 to 400 red 


7 Essentially a mixture of mono- and di-methy] naphthalenes. 











_ deposit could still be interpreted semi- 

















October 1946 


scale crawlers (newly born nymphs) each 
in the laboratory; the extent of crawler 
development was determined 3 weeks 
after infestation. A total of 400 fruits were 
thus infested and checked for the present 
study. 

In spite of the fact that at the end of the 
experiment the surface areas of the fruits 
on the trees were approximately twice as 
great as at the beginning, with a conse- 
quent theoretical halving of the deposit 
of DDT per unit of fruit surface, it was 
felt that the resulting bio-assays of DDT 


position of these spray mixtures.) 
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Table 2.—Rates of decomposition of 12 spray mixtures containing DDT. (See Table 1 for com- 
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southern halves of the same trees. In table 
3 are shown the differenecs existing be- 
tween initial and final deposits of DDT 
when the northern halves of the trees are 
contrasted with the southern, more ex- 
posed, halves. In general, there was a 
slightly greater decrease in the DDT de- 
posit on the southern than on the north- 
ern halves of the trees, although in some 
instances the initial deposit was actually 
higher on the southern halves. 

As may be seen from the data in tables 
2 and 8 there were no noteworthy differ- 
ences in the “persistence” of the two 











MicrocraMs oF DDT/cM.? or Lear Surrace AFTER OvEerRALL % 
TREAT- DECREASE 
MENT 0 1 2 5 13 21 42 86 In DDT 
No. day day days days days days days days Deposit 








1 12.3 17.1 17.0 17.2 
2 17.3 18.1 17.8 16.3 
3 21.1 26.7 22.9 23.5 
4 25.5 25.5 25.1 25.2 
5 29.4 25.5 26.0 26.0 
6 30.1 23.2 24.5 21.5 
7 16.0 18.5 20.2 18.2 
8 20.1 21.7 22.7 20.5 
9 26.8 28.9 29.2 30.2 
10 35.8 30.8 31.4 31.0 
1] 31.2 28.3 29.2 26.9 
12 37.2 34.7 37.3 33.9 















14.3 15.38 12.2 2.4 81.5 
15.8 13.5 10.7 0.8 95.4 
20.3 17.9 15.6 2.5 88.2 
22.2 17.1 12.9 1.6 93.7 
20.9 18.5 11.8 3.6 87.7 
18.7 15.7 13.3 1.8 94.0 
14.5 13.1 12.4 1.2 92.5 
15.5 15.4 13.7 2.1 89.5 
25.8 20.8 18.7 4.0 85.0 
27.9 27.8 20.1 7.4 79.3 
27.3 19.5 17.1 4.7 85.0 
31.1 24.7 19.8 5.2 86.0 








quantitatively. Certain results of the 
present study, for example, indicated that 
the final quantity of DDT per unit of 
surface may be somewhat independent of 
the quantity originally deposited. 

Resutts AND Discusston.—The resi- 
dual action of DDT on the prevention of 
the settling and development of the red 
scale crawlers was effective generally with 
all sprays for three weeks. After three 
weeks a slow decrease in residual action 
was manifest, especially with those sprays 
containing the technical grade of DDT. 
Furthermore, a noticeably longer residual 
action was obtained with the higher (8 
grams per 100 milliliters of kerosene) con- 
centration of DDT regardless of its de- 
gree of purity. Chemical analyses of de- 
posits substantiated these observations, as 
shown in table 2. 

Each deposit value is the average of the 
results from four individual samples, two 
of which came from the northern halves of 
the trees, and the other two from the 





grades of DDT used. Furthermore, the 
initial deposits of DDT appeared to be 
comparable on both the northern and the 
southern halves of a given tree. These 
findings applied to lemon trees as well as 
to orange trees, and thus no distinction 
between the two varieties has been made 
in the present report. 

In order to show the rates of decrease of 
DDT deposits more clearly, five repre- 
sentative rate curves have been plotted in 
figure 1. The similarities of contour and 
slope between these five curves are very 
striking. 

By superimposing the bio-assay values 
upon the rate curves for the chemical as- 
says, it was found that 12 micrograms of 
DDT per square centimeter of surface 
completely prevented the development of 
the red scale crawlers, whereas fewer than 
7 micrograms of DDT per square centi- 
meter had no apparent effect upon either 
settling or subsequent development. This 
region of transitional kill has been indi- 
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cated in figure 1 as the “Kill Gradient.” 
This quantitative interpretation is based 
upon the assumption that the initial de- 
posits of DDT are of approximately the 
same order of magnitude on both the 
leaves and the fruits. The validity of this 
assumption is under investigation. 


Table 3.—Differences between northern 
(shaded) and southern (unshaded) halves of 
trees treated with DDT with respect to the DDT 
deposits after 24 hours and after 86 days. 








DDT Deposit 
Microcrams/cm.? 








Treat- Portion or LearSurFace % 

MENT OF Dr- 
No. TREE Initial Final CREASE 

1 northern 11.9 3.4 71.4 

southern 12.8 1.5 88.3 

Q northern 19.6 0.4 98.0 

southern 15.0 1.2 92.7 

3 northern 20.7 3.4 83.6 

southern 21.5 2.4 89.9 

4 northern 28.5 1.8 93.7 

southern 19.7 1.4 92.9 

5 northern 29.2 4.4 85.0 

southern 29.6 2.8 90.5 

6 northern 28.6 1.8 93.7 

southern 31.6 1.8 94.3 

7 northern 15.0 Til 92.6 

southern 17.3 ae 93.7 

8 northern 18.7 2.0 89.3 

southern 20.6 2.1 90.0 

9 northern 25.7 3.4 86.8 

southern 27.8 4.6 83.5 

10 northern 37.5 8.9 76.3 

southern 34.0 5.8 83.0 

11 northern 32.7 7.0 76.5 

southern 29.8 2.4 91.8 

12 northern 35.1 6.2 82.4 

southern 39.9 4.1 89.8 





It is recognized also that the chemical 
studies involved leaf surfaces whereas the 
bio-assays involved fruit surfaces, and 
that consequently the above interpreta- 
tions do not take into account increases in 
surface areas due to normal growth, es- 
pecially with the fruits. 

SuMMARY AND ConcLusIoNns.—T wenty- 
four hours after spraying, the deposits 
from those sprays containing only kero- 
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sene and DDT showed an increase of 
DDT up to 40 per cent more than the 
original deposit which was determined on 
samples collected at cessation of drip or 
“run off” of the spray in the usual man- 
ner. Those deposits containing Velsicol 
AR 60, on the other hand, showed a de- 
crease of DDT up to 25 per cent within 
a 24-hour period. After this initial flux, all 
deposits of DDT decreased steadily at an 
approximate rate of 0.25 microgram per 
square centimeter of leaf surface per day 
for the remaining 85 days of the experi- 
ment. 

Apparently, then, as the kerosene-DDT ~ 
spray was applied, much of it penetrated 
into the leaf tissues almost immediately, 
carrying the dissolved DDT along with it. 
But, for the next 24 hours, the kerosene 
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Fic. 1.—Rates of decrease of DDT deposits with 
Gaines sk Treatment 1; ——— treatment 7; 
----- treatment 8; — —-—-— treatment 9; 

treatment 11. See Table 1, for legends, 





plus DDT slowly reissued from the leaf to 
its surface whereupon evaporation of the 
solvent left a deposit of the DDT. Alumi- 
num stearate largely prevented this initial 
penetration into the leaf tissues, resulting 
in a much greater initial deposit of DDT; 
after 24 hours, however, the surface resi- 
due from the spray containing the stearate 
was very nearly the same as that from the 
corresponding spray without the stearate. 

Tetralin as an auxiliary solvent did not 
seem to have much effect upon the per- 
sistence of the deposit of DDT, nor did 
aluminum stearate. When the two sub- 
stances were incorporated into the same 
spray, however, approximately 14 per cent 
of the initial deposit was lost within 24 
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hours. Velsicol AR 60 as an auxiliary 
solvent and in combination with DDT re- 
sulted in an approximately 16 per cent 
loss of the initial deposit within 24 hours. 
These results suggest that in routine de- 
posit analyses for DDT, the analytical 
leaf sample should not be stripped for at 
least 24 hours after spray application 
when kerosene, aluminum stearate, or 
tetralin are involved if a correct picture of 
effective deposit is to be obtained. 
Although there were two heavy rains 
during the latter part of this study, chem- 
ical analyses did not indicate any demon- 
strable effects upon the magnitude of the 
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deposits. After 86 days, however, every 
treatment showed a loss of from 71 to 95 
per cent of the original quantity of DDT 
deposited. The highest total decreases in 
DDT residues were shown by those sprays 
containing aluminum stearate regardless 
of the presence of an auxiliary solvent. 
And, in general, the extent of total decom- 
position for those sprays containing chem- 
ically pure DDT was slightly less than for 
those sprays containing the technical 
grade of DDT. A distinction between 
mechanical weathering and chemical de- 
composition has not been attempted in 
this report. 
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Insect Repellents Used as Skin Treatments 
by the Armed Forces! 


B. V. Travis, Frep A. Morton, and J. H. Cocnran? U.S.D.A., Agr. Res. Adm. 
Bureau of Entomology and Plant Quarantine 


At the time of our entry into World War 
II there were available numerous pro- 
prietary insect repellents, many of which 
had been placed on the market without 
adequate tests. A project was undertaken 
at the Orlando, Fla., laboratory of the 
Bureau of Entomology and Plant Quar- 
antine in April 1942 to study means of 
protecting troops from insect bites (Travis 
& Morton 1946). This involved testing 
available repellents to determine which 
were most effective and practical for im- 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the 
Office of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. ‘ 

2 The authors wish to acknowledge the assistance of E. F. 
Knipling, in ch of the Orlando laboratory, and the several 
members of the Orlando staff, especially A. L. Smith, J. B. 
Gahan, and J. H. Sawyer. Toxicological testing was done by 
H. O. Calvery (deceased), of the U.S. Food and Drug Admin- 
istration. 

3 Some of these compounds were prepared by the Division of 
Insecticide Investigations; others were obtained from commer- 
cial producers. 


mediate use by the armed forces. It also 
involved testing a large number of chemi- 
cals in an attempt to locate new and bet- 
ter repellents, and to develop other meth- 
ods of personal protection from insects. 
During the period April 1942 to Novem- 
ber 1943 about 15,000 laboratory and field 
tests were conducted. Many of the mate- 
rials were made up into various mixtures, 
and about 2500 compounds’ or mixtures 
were studied. Comparative data are pre- 
sented in this paper only for the repellents 
used by the various military groups— 
dimethy] phthalate, Radgers 612 (2-ethyl- 
1,3-hexanediol), Indalone (n-butyl mesi- 
tyl oxide oxalate), and the 6-2-2 mixture 
(60 per cent dimethyl phthalate, 20 per 
cent Rutgers 612, and 20 per cent Inda- 
lone) (Travis & Jones 1944). Data are also 
given to show the relative values of these 
repellents as compared with citronella and 
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butyl carbitol acetate. Butyl carbitol ace- 
tate was among the earlier repellents de- 
veloped by Granett (1940) and was em- 
ployed in the early tests as a standard of 
comparison. 

Several commercial firms had pre- 
viously investigated repellent materials. 
The most active in this field was the 
National Carbon Company. Granett 
(1940), working at Rutgers University on 
a project sponsored by this company, de- 
veloped a standard technique for evalu- 
ating different chemicals as mosquito 
repellents, and furnished many promising 
materials. In general the laboratory 
method described by him has been fol- 
lowed. 

Granett evaluated most of the mate- 
rials on himself against different species 
of Aédes mosquitoes, whereas at Orlando 
evaluation was based on the results ob- 
tained on a group of men against several 
species of insects. The protection time 
obtained by Granett with Aédes aegypti 
(L.) was somewhat longer than that ob- 
tained against the same species at Orlando 
with identical chemicals, but the relative 
effectiveness of the materials was approxi- 
mately the same at both laboratories. 

Lasoratory Trsts.—Laboratory tests 
were conducted against the common 
malaria mosquitoes, Anopheles quadri- 
maculatus Say, the yellow fever mosquito, 
Aédes aegypti, and the dogfly, or stablefly, 
Stomozys calcitrans (L.). 

The forearms, elbow to wrist, of re- 
search subjects were treated with 1 ml. of 
the material to be tested. The subjects, 
wearing gloves to protect their hands, 
exposed their treated arms in screened 
cages (30 by 30 by 30 inches) containing 
test insects. Five-minute exposures were 
made every 20 minutes until a bite was 
received. The interval between the ap- 
plication of a chemical and the first bite 
was the repellent time. This figure was 
used as the criterion of comparison for 
evaluating the chemicals. 

As there is considerable ;variation 
among individuals in their response to the 
same chemical, a series of tests involving a 
number of research subjects was made to 
evaluate the repellent time of each mate- 
rial more accurately. Several times a day 
an untreated arm was exposed in a cage for 
one-half minute to determine the biting 
rate of the test insects. In the case of 
Aédes and Stomozxys usually about 2000 
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insects were maintained in the cages to 
give biting rates of about 40 or more per 
half minute, and about 4000 Anopheles 
mosquitoes were maintained to give biting 
rates of 10 to 20 per 30 seconds. Paired 
tests were run by applying a different 
chemical to each arm of the subject, and 
exposing the arms alternately to the same 
cage of mosquitoes. This procedure, which 
was replicated on several subjects over a 
period of several days or weeks, was fol- 
lowed to reduce variations as much as 
possible. 

Fretp Tersts.—Field tests were con- 
ducted against Aédes taeniorhynchus 
(Wied.), Stomozxys calcitrans, Eusimulium 
pecuarum (Riley), Culicoides spp., and any 
other species that could be found in 
sufficient numbers. 

The forearms of the subjects were 
treated with 1 ml. of the chemical to be 
tested and, in addition, the legs, knee to 
ankle, were treated with 1.5 ml. of the 
same material. A statistical study of the 
data obtained in the field showed no 
significant difference in repellent time 
between material applied on arms and on 
legs. Accordingly, multiple paired tests 
were made in which each arm or leg of a 
group of subjects was treated with one of 
four repellents—dimethyl phthalate, Rut- 
gers 612, Indalone, and: the 6-2-2 mixture. 
This method of testing permitted evalua- 
tion of the chemicals with a minimum 
number of tests, as any differences be- 
tween individuals were common to each 
of the four repellents being tested. 

As a precautionary measure in case 
there might be selective biting of arms as 
compared with legs, tests made with each 
chemical were equally divided between 
arm and leg treatments. This would be 
particularly necessary in tests conducted 
against species of insects that tend to bite 
either near the ground surface or at higher 
elevations. The subjects worked in groups 
of three to five, under the supervision of 
an entomologist who recorded all bites 
received. A test was terminated when the 
third bite was received on any appendage. 
One man in each group had one leg un- 
treated, and at intervals throughout the 
day he exposed his leg for a half minute to 
determine the biting rate. Field tests were 
usually not conducted when the biting 
rate was under 20 per half minute; with 
Aédes taeniorhynchus the biting rate fre- 
quently averaged over 100. 
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Table 1.—Effectiveness of various materials tested as repellents. Orlando, Fla., April 1942 to 
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Rutgers 118 41-544 368 32 3-255 55 17 +#11-276 101 96 34-481 275 10 8-69 46 
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Resutts.—The results given in table 1 
show that the same test materials varied 
greatly in their effectiveness when used 
against different species of insects. In all 
tests dimethyl phthalate, Rutgers 612, and 
Indalone were superior to citronella 
against mosquitoes, but only Jndalone and 
butyl carbitol acetate were superior to 
citronella when used against Stomozxys 
calcitrans. Dimethyl phthalate was best 
against Anopheles quadrimaculatus (labo- 
ratory tests), with an average protection 
time of nearly 4 hours, and Rutgers 612 
against Aédes aegypti (laboratory) and A. 
taeniorhynchus (field tests), with protec- 
tion times of 6 and 5 hours, respectively. 
Indalone was best against Stomozys 
calcitrans (laboratory and field tests), with 
an average protection time of about 3 
hours. Against all species the 6-2-2 mix- 
ture gave protection nearly as good as the 
best individual ingredient, or better. 
When used against Anopheles quadrimacu- 
latus or Stomoxys calcitrans it gave much 
better protection than expected. 

All the test materials gave complete 
protection to the research subjects for 6 
to 10 hours against Eusimulium pecuarum 
(the southern buffalo gnat) in Mississippi. 
Similar protection to domestic animals 
was obtained with these materials when 
they were applied as a spray or with a 
cloth swab at the rate of about 150 ml. 
per animal. 

Dimethyl phthalate, Rutgers 612, and 
Indalone prevented biting by moderate 








































populations of Culicoides spp. for at least 
4 hours. Sometimes, however, these 
species are very numerous and cause 
severe annoyance, even when repellents 
are used, because they land on the face, in 
the eyes, and in the ears and the mouth. 

In the summer of 1943, H. H. Stage, 
of this Bureau, tested several repellents 
in northern Canada as a member of the 
U. S. Army’s First Arctic Mosquito Test 
Expedition. Several species of Aédes were 
present in large numbers. The average 
protection time was approximately 2 
hours for both dimethyl phthalate and 
Rutgers 612; for Indalone it averaged about 
1.5 hours. Each of those repellents, and 
mixtures of them, were considerably bet- 
ter than several commercial repellents 
containing citronella as the active in- 
gredient. 

Since the results obtained at Orlando, as 
well as those obtained by workers in other 
areas, showed that the 6-2-2 mixture was 
effective for a greater range of species 
than was any one of the chemicals alone, 
this mixture wes recommended for use by 
the armed forces. 

Discussion.—A!! the species used as 
test insects, both in ihe field and.in the 
laboratory, have erratic biting habiis. 
During certain periods they bite readily 
through repelient materials and at other 
times they are easily repelled. Because 
of this characteristic it has been especially 
difficult to evaluate repellents against 
Anopheles quadrimaculatus and Stomoxys 
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calcitrans. The results obtained with 
Aédes aegypti and A. taeniorhynchus have 
been the most consistent, and these 
results can generally be duplicated if the 
biting rates are comparable and the same 
test subjects are used. Even with these 
species, however, very short repellent 
records have been obtained occasionally. 

The duration of repellent action is 
shortened considerably by perspiration, 
and varies greatly among individuals; for 
instance, at least two men are known who 
receive very little protection from 
dimethyl phthalate. For these reasons 
there is usually a wide range in repellent 
time with all materials tested. The range, 
however, has been found to be small on 
the same individual, except in the case of 
Anopheles quadrimaculatus, where erratic 
results are common. The records obtained 
on repellent time for a number of test 
subjects are considered indicative of 
what might be expected when a large 
group of subjects use repellent materials. 

The technique used for this work was 
designed as a rapid screening method to 
evaluate roughly large series of chemicals, 
and it did not yield the precise data of 
other methods. It did, however, serve to 
demonstrate whether chemicals were good 
or poor repellents. More precise studies 
were made on the most promising chemi- 
cals. 

All three repellents have several un- 
desirable features in common. They are 
solvents of paints and of many plastics, 
have an oily feeling on the skin, are ir- 
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ritating to mucous membranes, are easily 
brushed or wiped off, and give very little 
protection except on surfaces actually 
covered with a film of repellent. 
SumMary.—As a result of studies made 
at the Orlando, Fla., laboratory of the 
Bureau of Entomology and Plant Quaran- 
tine, four insect repellents were recom- 
mended for use by the armed forces. 
Three of these—dimethyl phthalate, Rut- 
gers 612 (2-ethyl-1,3-hexanediol), and 
Indalone (n-butyl mesityl oxide oxalate) 
—are individual compounds, and the 
fourth is a mixture containing 60, 20, and 
20 per cent, respectively, of these mate- 
rials (6-2-2 mixture). Dimethy] phthalate 
is best against the common malaria 
mosquito, Anopheles quadrimaculatus Say, 
with an average protection time (interval 
between application of material and first 
bite) of nearly 4 hours in the laboratory; 
Rutgers 612 is best against the yellow- 
fever mosquito, Aédes aegypti (L.), in the 
laboratory and A. taeniorhynchus (Wied.) 
in the field, with 6 and 5 hours’ protection, 
respectively; and Indalone is best against 
the dogfly, or stablefly, Stomozys calcitrans 
(L.), with an average protection time of 
about 3 hours both in the laboratory and 
in the field. All these materials gave pro- 
tection for 6 to 10 hours against the 
southern buffalo gnat, Eusimulium pecu- 
arum (Riley), when used on man and 
domestic animals. They also prevented 
biting by moderate populations of Culi- 
coides spp. for at least 4 hours.—6-10-46. 
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Common NaMEs OF INSECTS 


The latest list of approved common names of in- 
sects is available in reprint form (with covers). Price 
fifty cents per copy. Address the Office of the Secre- 
tary, American Association of Economic Entomolo- 
gists, College Park, Maryland. 
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In common with all onion growing areas 
on the continent, the Winnepeg district 
has suffered severely from attacks of the 
onion maggot, Hylemya antiqua (Meigen). 
Losses have been especially heavy during 
the recent cycle of wet seasons and many 
fields of Dutch sets have been rendered 
almost worthless in the badly infested 
areas. 

Early in 1945 an experiment to test the 
effectiveness of various chemical treat- 
ments against this pest was designed in 
co-operation with the Division of En- 
tomology, Dominion Department of Agri- 
culture, Ottawa, Canada. This plan in- 
cluded a total of 29 different treatments 
and provided for the use of both liquid 
and dust treatments on the seed, the soil 
and the growing plants. 

Mernops.—Liquid seed treatments 
were applied several days before planting 
in order to allow thorough drying. Dust 
treatments were applied to the seed on 
the morning of seeding day, using sugar 
syrup as a sticker. 

Sprays and dusts for treatment of the 
soil and the growing plants were first ap- 
plied either just before oviposition com- 
menced in the field or else during the 
early stages of oviposition, according to 
the nature of the insecticide being used. 
This would be roughly about the time the 
young plants were an inch high. Sprays 
and dusts were repeated at weekly inter- 
vals until a total of three treatments had 
been made. Dates of application have not 
been included in this report because the 
spring of 1945 was so backward in the 
Winnipeg area as to make this year’s 
dates almost useless except in relation to 
each other. For example, seeding took 
place on May 2st, three weeks to a 
month later than is customary. 

Approximately an acre of Ebenezer 
onion seed was planted, using two Planet 
Junior No. 300 machines, both set at a 
disc aperture of 22, rows being 12 inches 
apart. Apertures of 23 and 24 were used 
where treatment of the seed with various 
dusts tended to slow the seeding rate. All 


1 These experiments were conducted by the Department of 
Entomology, The University of Manitoba, and were 
by a grant from the Manitoba Department of Agriculture. 


Hexachlorocyclohexane in the Control of Onion Maggot! 
W.S. McLezop, Lecturer in Entomology, The University of Manitobo, Winnipeg, Manitoba, Canada 
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seed was treated with Arasan? (tetra- 
methyl] thiuramdisulfide 50 per cent) at the 
rate of 1 pound to 5 pounds of seed for the 
control of onion smut. Average seeding 
rate worked out to be about 26 pounds of 
seed per acre. Commercial practice in this 
area is to sow from 35 to 40 pounds per 
acre but part of this increase may be 
attributed to the use of 8 inch or 10 inch 
spaces between the rows. It will be noted 
in table 1 that treatments 1 and 6 were 
sown at a much reduced rate. This was 
due to insufficient increase in the disc 
aperture to compensate for the pelleting 
of the seed with calomel dust. 

Corrosive sublimate solution (Treat- 
ment No. 11) was applied with a glass 
container to which was fastened a rubber 
tube attached to a 3-foot wand. A glass 
breather tube through the rubber cork in 
the bottle allowed the solution to run 
down the rubber tube by gravity. 

All other liquid applications were 
sprayed on the soil or the plants by means 
a 2-gallon, compressed-air sprayer. Care- 
fully measured amounts were applied to 
the three central rows of each plot while 
surplus spray material was used up on the 
buffer rows at approximately the same 
rate. 

Dust treatments were applied with a 
No. 200 Dobbins Duster, using a single 
outlet. The work was done between 6 
a.m. and 7:30 a.m. (daylight saving time) 
and conditions were practically ideal on 
each of the three days when dusting was 
performed. 

Every treatment was replicated four 
times in the field. Each plot consisted of 
five rows, each 25 feet long, separated 
from adjacent plots by 2 untreated rows 
and from the next row of plots by a dis- 
tance of about 12 feet of untreated plants. 
In each plot the first and fifth rows were 
used as buffers while data were taken from 
the three central rows only. For the pur- 
pose of counting, a l-yard strip was 
marked off in each of the three central 
rows. As soon as maggot damage ap- 
peared, injured plants from this l-yard 
strip were pulled and counted. The total 
number of maggots observed during this 


2 Supplied by Canadian Industries Limited. 
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work was recorded. Maggots and dam- 
aged plants were in every case removed 
from the field. At the end of the season the 
number of healthy plants remaining in 
the one-year strips was counted. This, 
added to the number of damaged plants, 
formed a total from which was calculated 
the percentage of healthy plants. 

It had been hoped to take counts twice 
a week but weather conditions prevented 
the completion of this program. In all, six 
counts were made, the first occurring at 
the time of the last application of insecti- 
cides and the last taking place exactly 
four weeks later. The first count was com- 
pleted on only about 100 out of 128 
plots. It is thought, however, that the 
damaged plants which would have shown 
up in the remainder of the plots at this 
time were undoubtedly included a week 
later when the second count was made. It 
is concluded, therefore, that the totals of 
all tests are comparable. 

Srock So.urions.—Stock solutions 
were prepared as described in the following 
paragraphs.— 

DDT-Velsicol stock solution 
8 ounces of commercial 100 per cent 
DDT 
2 fluid ounces of Triton X-100' 
Velsico? to make a total of 40 fluid 
ounces 
DDT-acetone stock solution 
8 ounces of commercial 100 per cent 
DDT 
4 fluid ounces of Triton X-100 
Acetone to make a total of 40 fluid 
ounces 
Hexachlorocyclohexane stock solution 
8 ounces of crude hexachlorocyclo- 
hexane (PC. 982) 
4 fluid ounces of Triton X-100 
Acetone to make a total of 40 fluid 
ounces 
Loro stock solution 
6 fluid ounces of Loro 
4 fluid ounces of Dupont Spreader 
Sticker 
26 fluid ounces of water 


DESCRIPTION OF THE TREATMENTS.— 
(1) Calomel seed-treatment. The onion 
seed was moistened in a 25 per cent sugar 
solution and mixed with an equal quantity 


1 Supplied by Rohm & Haas Company. 
2 Supplied t courtesy of Division of Entomology, De- 
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partment of poet Ay Ottawa, Canada. 
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(by weight) of pure calomel. These were 
stirred together in a glass container. 
Treatment took place on the morning of 
seeding day. 

(2) Pure DDT seed treatment. The 
onion seed was moistened in a 25 per cent 
sugar solution and mixed with half its 
weight of pure DDT which had been 
sifted through a piece of ordinary 12- 
mesh wire mosquoto netting. Seeding was 
completed the same day. 

(3) DDT-Velsicol seed treatment. 0.8 
ounces of DDT-Velsicol stock solution 
were stirred into 1 gallon of water. The 
onion seed was soaked in this suspension 
for 5 minutes and dried thoroughly before 
planting. 

(4) DDT-acetone seed treatment. 0.8 
ounces of DDT-acetone stock solution 
were stirred into 1 gallon of water. The 
onion seed was soaked in this suspension 
for 5 minutes and dried thoroughly before 
planting. 

(5) Pure DDT soil treatment. On seed- 
ing day a trench about 0.75 inch deep was 
made in the soil. Pure DDT, previously 
screened through ordinary 12-mesh wire 
mosquito netting, was dusted lightly 
along the bottom of the trench. The onion 
seed was spread on top of the DDT 
by hand, covered immediately with soil 
and packed by tramping. 

(6) Calomel seed treatment plus 4 per 
cent calomel dust. The onion seed was 
pelletted with an equal weight of pure 
calomel as in Treatment No. 1 and was 
planted the same day. As soon as egg-lay- 
ing commenced in the field, the seedlings 
and the surrounding soil were dusted with 
a 4 per cent calomel dust (1 part of pure 
calomel and 24 parts of talc) at the rate 
of 1 pound to 200 feet of row. Two addi- 
tional applications of 4 per cent calomel 
dust were made at weekly intervals. 

(7) Calomel dust, 4 per cent. At seeding 
time ordinary onion seed, untreated with 
any insecticidal material, was planted. As 
soon as egg-laying commenced, the young 
plants and the surrounding soil were 
dusted with 4 per cent calomel in talc 
at the rate of 1 pound to 200 feet of row. 
Two additional applications were made at 
weekly intervals. 

(8) DDT-acetone spray. As soon as 
egg-laying commenced, DDT-acetone sus- 
pension was applied at the rate of 2 
quarts to each 75 feet of row, being careful 
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to wet the soil thoroughly along the rows. 
This suspension was prepared by using 
0.8 ounces of the DDT-acetone stock in 
each gallon of water. This gave a concen- 
tration of 0.1% DDT when an Imperial 
gallon was used. In all, 3 applications were 
made at weekly intervals. 

(9) DDT-Velsicol spray. As soon as 
egg-laying commenced a DDT-Velsicol 
suspension was applied at the rate of 2 
quarts to each 75 feet of row, being careful 
to wet the soil thoroughly along the rows. 
This suspension contained 0.8 ounces of 
the DDT-Velsicol stock in each Imperial 
gallon of water, giving a concentration of 
0.1% DDT. Three applications were made 
at weekly intervals. 

(10) DDT dust, 3 per cent. As soon as 
egg-laying commenced, a 3 per cent DDT 
dust (Gerasol A3) was applied to the soil 
immediately around the seedlings at the 
rate of 1 pound of dust to each 200 feet of 
row. Three applications were made at 
weekly intervals. 

(11) Corrosive sublimate solution. As 
soon as egg-laying commenced a solution 
of corrosive sublimate in water 1:1600 
was poured on the soil along the row at the 
rate of 1 gallon to 150 feet of row. Three 
applications were made at weekly inter- 
vals. 

(12) Bordeaux-oil emulsion. A few days 
before oviposition commenced in the 
field, a bordeaux-lubricating oil emulsion 
was applied. This was prepared by adding 
8 ounces of light lubricating oil to 2 gal- 
lons of bordeaux mixture (approximately 
4-4-40) and pumping it back into itself 
until a stable emulsion had been produced. 
Three applications were made at weekly 
intervals, using the emulsion at the rate of 
an Imperial gallon on each 250 feet of row. 

(13) AKoeo. As soon as oviposition com- 
menced, the seedlings and the surrounding 
soil were sprayed with DDT powder sus- 
pension (AK). This was prepared by 
mixing 0.8 ounces of powder in 1 gallon 
of water to give a concentration of 0.1 
per cent DDT and was applied 3 times at 
weekly intervals at the rate of 2 quarts 
to 75 feet of row. 

(14) AKoo sweetened. One week before 
oviposition commenced, the seedlings and 
the surrounding soil were sprayed with 
DDT powder suspension (AK2o) sweet- 
ened. To every gallon of spray mixed ac- 
cording to the directions in Treatment No. 
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13, 10 ounces of molasses was added. This 
was applied 8 times at weekly intervals at 
the rate of 2 quarts to 75 feet of row. 

(15) DDT, 3 per cent dust. These 
plots were treated with 3% DDT dust 
(Gerasol A3) exactly as in Treatment 10. 

(16) Check plot. 

(17) Hexachlorocyclohexane, 20 per 
cent, seed treatment. The onion seed was 
moistened in a 25 per cent sugar solution 
and mixed with an equal quantity (by 
weight) of 20 per cent hexachlorocyclo- 
hexane in gypsum. The seed was planted 
the same day. 

(18) Hexachlorocyclohexane _suspen- 
sion seed treatment. A mixture of 1 ounce 
of hexachlorocyclohexane stock solution 
in 100 ounces of water was prepared. The 
onion seed was soaked in this suspension 
for 5 minutes, and dried thoroughly be- 
fore planting. 

(19) D-X DDT emulsion. A few days 
before oviposition commenced in the 
field, a D-X DDT" emulsion was applied 
to the seedlings and the surrounding soil. 
One-half ounce of the D-X DDT was 
added to 3.25 gallons of water to give a 
1:1040 emulsion. Three applications were 
made at weekly intervals at the rate of 2 
quarts of 75 feet of row. (Preliminary 
greenhouse experiments indicated that 
emulsions of 1 to 400 or stronger were 
detrimental to seedling onions.) 

(20) Para-Scalecide emulsion. Just be- 
fore oviposition commenced in the field, 
a Para-Scalecide' emulsion was applied to 
the seedlings and the surrounding soil. 
Five ounces of Para-Scalecide were added 
to 34 gallons of water to give a 1:104 
emulsion. Three applications were made 
at weekly intervals, using 2 quarts to 75 
feet of row. (In preliminary greenhouse ex- 
periments the onion seedlings appeared to 

tolerate concentrations as high as 1:50.) 

(21) Thanisol emulsion. Just before ovi- 
position commenced, a 1:3000 Thazsol* 
emulsion was applied to the seedlings and 
the surrounding soil. Three applications 
were made at weekly intervals, applying 
the emulsion at the rate of 2 quarts to 75 
feet of row. (In preliminary greenhouse ex- 
periments it was found that Thanisol was 
somewhat harmful to young onion seed- 
lings even at 1:800, the lowest concentra- 
tion tested. For safety it was therefore 


1 Supplied by B. G. Pratt Company. 
2 Supplied by Hercules Powder Company. 
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decided to use 1:3000 in the field since 
there was not sufficient time to determine 
the tolerance more .accurately.) 

(22) Dichlorethyl ether. As soon as 
oviposition commenced in the field a 
1:1040 solution of dichlorethyl ether! was 


sprayed on the plants and the surrounding . 


soil. Three applications were made at 
weekly intervals, applying the solution 
at the rate of 2 quarts to 75 feet of row. 
(Greenhouse experiments indicated that 
young onion seedlings would tolerate con- 
centrations of dichlorethyl ether as high 
as 1:400 in water.) 

(23) Trichlorethane. As soon as ovi- 
position commenced, a 1:1040 solution of 
trichlorethane? was sprayed on the plants 
and the surrounding soil. Three applica- 
tions were made at weekly intervals, ap- 
plying the solution at the rate of 2 quarts 
to 75 feet of row. (Greenhouse experi- 
ments indicated that a 1:400 solution 
might be safe on young onion plants.) 

(24) Ethyl mercury phosphate. As soon 
as oviposition commenced a solution of 
ethyl mercury phosphate was sprayed on 
the plants and the surrounding soil. The 
only available source of ethyl mercury 
phosphate was Ceresan,* a disinfectant 
dust for treatment of seed grain, which con- 
tains 5 per cent of this material. For the 
first treatment, 1 ounce of Ceresan was 
dispersed in 3.25 gallons of water to give 
1 part of ethyl mercury phosphate in 
10,400 parts of water. Two subsequent 
applications were made at weekly inter- 
vals but in each of these the ratio of 
ethyl mercury phosphate was increased 
to 1:5200. In every treatment the rate 
of application was 2 quarts to 75 feet of 
row. (Greenhouse experiments indicated 
that these were the strongest solutions 
that could be used on young onion seed- 
lings without marked detrimental effect.) 

(25) Bordeaux-Volck emulsion. A few 
days before oviposition commenced, an 
emulsion of Volck* in bordeaux mixture 
was applied. Three ounces of Volck were 
added to 2 gallons of Bordeaux mixture 
(approximate 4-4-40) and the mixture 
was pumped back into itself until a stable 
emulsion had been produced. Two quarts 
of emulsion were used on each 125 feet of 


1 Supplied by Carbide and Carbon Chemicals apention, 

2 Supplied by the Carbide and Carbon Chemicals Corporation. 

’ Manufactured by California Spray-Chemical Corporation. 

4 Manufactured by California eid Chemicals Corporation. 
Supplied by Canadian Industries, Ltd. 
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row and applications were made 3 times at 
weekly intervals. 

(26) A spray of hexachlorocyclohexane 
was applied just before oviposition com- 
menced in the field. One ounce of the 
clear liquid from the hexachlorocyclo- 
hexane stock solution was used for each 
100 ounces of water. This gave a suspen- 
sion containing 0.2 per cent of the crude 
product and 0.02 per cent of the gamma 
isomer of hexachlorocyclohexane. Three 
applications were made at weekly inter- 
vals, care being taken to wet the soil 
thoroughly on both sides of the row. Ap- 
plications were made at the rate of 2 
quarts to 75 feet of row. 

(27) Hexachlorocyclohexane as a spray, 
sweetened. One week before oviposition 
commenced, a sweetened spray of hexa- 
chlorocyclohexane was applied. The spray 
was prepared in the same manner as 
Treatment No.26but 10 ounces of molasses 
was added to every gallon of finished 
spray. Applications were made 8 times at 
weekly intervals, using 2 quarts of liquid 
to each 75 feet of row. 

(28) Hexachlorocyclohexane, 5 per cent 
dust. As soon as oviposition commenced, a 
5 per cent dust of hexachlorocyclohexane 
was applied. This dust was prepared by 
mixing 10 ounces of 20 per cent hexachlor- 
ocyclohexane (sample PC.982Y) with 30 
ounces of gypsum. The resulting dust con- 
tained 0.5 per cent of the gamma isomer of 
hexachlorocyclohexane. Applications were 
made $ times at weekly intervals at the 
rate of 2.5 pounds for 500 feet of row. 

(29) DDT-sand. As soon as the seed- 
lings pushed through the surface of the 
ground the rows were treated with sand, 
the particles of which had been coated 
with DDT. Two methods of coating were 
tried. In the first, 1 pound of sand was 
mixed with 23.8 grams of pure DDT ina 
ball mill. The results were only partially 
successful. In the second, 1 pound of sand 
was soaked in a solution of 23.8 grams of 
DDT in acetone, the acetone being al- 
lowed to evaporate away. The two batches 
of treated sand were mixed and used to 
treat 500 feet of row. The treatment was 
not repeated. 

(30) Loro emulsion. As soon as oviposi- 
tion commenced, a Loro emulsion was 
applied. Three ounces of the Loro stock 
solution were mixed with 3.25 gallons of 
water to give a dilution of 1:1040, Ap- 


plications were made 8 times at weekly 
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intervals, at the rate of 2 quarts to 75 
feet of row. 

(31) Check plot. 

(32) Check plot. 

Resu.tts.—A summary of the results 
from all treatments may be found in 
table 1. From this it will be seen that the 
most successful treatment was No. 6 in 
which 99.8 per cent of the plants were not 
damaged by onion maggots. It is entirely 
possible that the one plant recorded as 
damaged could have been injured by some 
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Table 1.—Total maggots observed and total number of plants damaged by onion maggot, Hylemy 


In any consideration of Treatment 6 ihe 
results from 1 and 7 should be borne in 
mind. In Treatment 1 pelleting alone 
gave 89.1 per cent plants without injury 
coupled with retarded germination and 
growth. In Treatment 7 dusting alone 
gave only 83.9 per cent such plants. This 
would indicate that a combination of the 
two treatments would be necessary in 
order to secure any high degree of control 
of the maggot. 

The small total number of plants in 





antiqua (Meigen), in tests with different insecticides in the Winnipeg area in 1945. Each total of 








maggots and plants damaged based on six counts of 12 1-yard strips. 


PERCENTAGE 





No. or Puants Toran No. UnpamMacep PLANT 
No. TREATMENT Maaccots Dawacep or PLants Pants Growth 
fD Calome! seed treatment 10 75 691 89.1 poor 
2) Pure DDT seed treatment $1 55 1362 96.0 good 
(3) DDT-Velsicol seed treatment 486 503 1012 50.3 good 
(4) DDT-acetone seed treatment 475 812 1612 49.6 good 
(5) Pure DDT soil treatment 11 16 1712 99.1 good to excellent 
(6) Calomel seed treatment plus 4 per cent calomel dust 0 1 654 99.8 poor to good 
(7) Calomel dust, 4 per cent 72 225 1897 83.9 good 
(8) DDT-acetone spray 159 215 1204 82.1 good to excellent 
(9) DDT-Velsicol spray 45 117 1171 90.0 om 
(10) DDT dust $ percent 263 299 1162 74.3 air to good 
(11) Corrosive sublimate solution 275 $23 1841 75.9 fair to good 
(12) Bordeaux-oil emulsion 76 104 1558 93.3 fae 
(13) AKzo 203 214 1165 81.6 air to good 
(14) AKeo sweetened 105 162 1148 85.9 
(15) DDT dust, 3 per cent 331 280 926 69.8 very good to excellent 
(16) Check 451 635 1299 51.1 good 
(17) Seed treatment, hexachlorocyclohexane 20 per cent —_— _— _ seedlings killed 
(18) Hexachlorocyclohexane suspension seed treatment 621 830 1243 $3.2 poor to 
(19) D-X DDT emulsion | 467 382 1161 67.1 good 
(20) Para-Sealecide emulsion 96 139 1145 87.9 good to very good 
(21) Thanisol emulsion 221 421 1263 67.0 good 
(22) Dichloroethyl ether 262 409 1126 63.7 good 
(28) Trichlorethane 377 510 1177 56.7 
(24) Ethyl mercury phosphate 117 260 1237 79.0 air 
(25) Bordeaux-Volck emulsion 118 188 15389 91.0 good 
(26) Hexachlorocyclohexane spray 8 38 1820 97.1 good 
(27) Hexachlorocyclohexane spray sweetened 18 27 1392 98.1 good 
(28) Hexachlorocyclohexane dust, 5 per cent 9 26 1593 98.4 very good 
(29) DDT-sand 331 363 1024 64.6 good 
(30) Lero emulsion 279 $11 1207 74.2 slow 
(31) Check 323 $82 1257 69.6 good 
(32) Check 308 446 1876 67.6 good 








agent other than the onion maggot and 
that the control was actually 100 per cent 
in this test. In spite of the excellent 
control secured, this treatment is consid- 
ered impractical for two reasons. Firstly, 
it slowed germination of the onion seed 
by almost a week and inhibited growth 
to a noticeable degree. Secondly, its cost 
is absolutely prohibitive, even for such a 
valuable crop as Dutch onion sets. There is 
always the possibility, however, that it 
might be used by growers of cooking 
onions who seldom use more than 4 or 5 
pounds of seed per acre and whose cost of 
seed treatment per acre would therefore 
be very much reduced. There is the fur- 
ther possibility that effective control 
might be attained at lower dosages. 


Treatment 6, and also in No. 1, should be 
noted. It is probable that this was due 
largely to an insufficient increase in the 
disc aperture of the seeder to compensate 
for the increased diameter of the seeds 
which had been pelleted with pure calo- 
mel. There is still the possibility, however, 
that, in addition to slowing the germina- 
tion in these plots, the calomel treatment 
killed enough seeds to reduce the total 
number of plants to a marked degree. 
The second best treatment, No. 5, was 
a DDT treatment which gave 99.1 per 
cent plants not damaged. It had been in- 
tended originally to use a 50 per cent 
micronized DDT dust in this and also in 
Treatment 2. In spite of our late seeding 
date in 1945, the necessary material could 
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not be secured in time for the experiment 
and it was decided at the last moment 
to use pure DDT which had been sifted 
through ordinary wire mosquito netting. 
The experimental work on the 4 replicates 
of Treatment 5 was done entirely by 
hand. This fact alone makesit obvious 
that the treatment is impractical for 
commercial use as it now stands. Due to 
error, these plots were given a much 
heavier application of the pure DDT than 
was originally intended and no accurate 
figures on the amounts used were re- 
corded. It is thought, however, that DDT 
was probably applied at about the rate of 
1 pound to 500 feet of row. 

The 3rd, 4th and 5th best treatments 
were, respectively, Nos. 28, 27, and 26. 
All of these contained hexachlorocyclo- 
hexane in a water suspension or as a dust. 
The results from these three treatments 
were truly gratifying. Control of the 
onion maggot was perfect in all four 
replicates of each treatment, a total of 12 
plots in all, up to the end of the first 
week following the final application of the 
insecticides. Only a single maggot had 
been found in these 12 plots at the end 
of the second week while during the third 
and fourth weeks the maggots and dam- 
aged plants listed in table 1 were ob- 
served. Thus hexachlorocyclohexane in 
the concentrations used gave almost per- 
fect protection for a period of 2 full weeks 
after treatments had been discontinued. 

The design of this experiment was not 
such as to permit statistical treatment of 
the data but the author feels safe in 
concluding that this new insecticide offers 
considerable promise for the control of 
the onion maggot. Not only was it highly 
satisfactory in three different treatments, 
each replicated, but a map of the experi- 
mental field shows that the plots which 
were so well protected by the applications 
of hexachlorocyclohexane were in every 
case located between plots which were 
heavily attacked by the onion maggot. 
There could be no suspicion that these 
plots had received any benefit which 
could be traced to a favored position of 
low infestation. 

From the point of view of results se- 
cured there would be little choice between 
the three hexachlorocyclohexane treat- 
ments. From a practical point of view, 
however, the commercial grower would 
doubtless prefer to use a ready-mixed dust 
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of a suitable concentration. This suggests 
the need for future research on Treatment 
28. Obviously there is a distinct possi- 
bility that this treatment may be made 
more economical by further work on con- 
centrations, rates of application and in- 
tervals between applications. It is hoped 
that this aspect of the problem may be 
investigated during the summer of 1946. 

It might be worth noting that the sixth 
best treatment, No. 2, was another one 
involving the use of pure DDT. Briefly 
it might be said that this treatment, like 
No. 5, is impractical for commercial use 
as it now stands but further work with a 
50 per cent dust might be profitable. 

The next best treatment was No. 12, 
the old standard bordeaux-lubricating oil 
emulsion. This yielded a total of 93.3 per 
cent undamaged plants as compared with 
51.1, 69.6 and 67.6 per cent in the 
checks. While a higher degree of control 
would be desirable, it would seem that 
the use of this spray might be well worth 
while in districts heavily infested with 
onion maggot, at least until such time as a 
better insecticide is available for the pur- 
pose. Certainly the bordeaux-lubricat- 
ing oil emulsion was far more successful 
in these experiments than was the cor- 
rosive sublimate solution which yielded 
only 75.9 per cent plants without injury 
in Treatment 11. 

Discussion.—One of the first things 
that will be noted in a study of the data 
is the unsatisfactory control secured with 
low concentrations of DDT. A concen- 
tration of 0.1 per cent DDT as a seed 
treatment (Nos. 3 and 4) was worthless 
while the same concentration used as an 
application to the soil and the seedling 
plants gave only limited control (Treat- 
ments No. 8, 9, 13 and 14). Similarly, a 
3 per cent DDT dust (Treatments No. 10 
and 15) yielded results which were 
scarcely better than the checks. On the 
other hand, the pure DDT used both as a 
seed treatment (No. 2) and a soil treat- 
ment (No. 5) gave very satisfactory re- 
sults. It is well known, of course, that 
pure DDT is a difficult material to handle, 
due to its lumpy, waxy nature. Whether a 
50 per cent micronized dust or even a 
less concentrated material would be ef- 
fective against this pest remains to be seen 
but it would seem obvious that the pure 
product is not suitable for commercial 
application. 
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Hexachlorocyclohexane, on the other 
hand, exceeded all expectations. Samples 
of the crude product (PC.982) and a dust 
composed of 20 per cent crude hexachloro- 
cyclohexane in gypsum (PC.982Y) were 
received just a few days before seeding 
time. Very little information was avail- 
able on its characteristics and uses and 
there was no time for preliminary experi- 
ments. A number of papers have since 
appeared but those of Slade, Gersdorff & 
McGovran, and Taylor contain the bulk 
of the available information. 

The compound 1, 2, 3, 4, 5, 6-hexachlo- 
rocyclohexane (benzene hexachloride) was 
first prepared many years ago though its 
insecticidal properties were discovered 
only recently. Its chemical formula is 
CeH¢Cle. It is composed of four isomers. 
Of these, the gamma isomer is the only 
one which demonstrates extraordinary 
toxicity toward insects. It usually com- 
prises from 10 to 12 per cent of the crude 
material. 

Hexachlorocyclohexane is insoluble in 
water. It is, however, soluble in a fairly 
wide range of other solvents though the 
author found considerable difficulty in 
forming either suspensions or emulsions 
in water. Only the method used in the 
preparation of the hexachlorocyclohexane 
stock solution described in this paper was 
developed in time for field tests during 
1945. This method will bring about the 
solution of all the gamma isomer though 
portions of some of the other isomers will 
remain as sediment in the bottom of the 
bottle of stock solution. Subsequent work 
has produced other suspensions and emul- 
sions which look promising and it is to be 
expected that the isomer will prove to be 
as suitable for spraying purposes as DDT. 

The highly satisfactory results secured 
in Treatments 26, 27, and 28 bear out the 


claims of British scientists that the gam- 
ma isomer is far more toxic to certain 
insects than is DDT. In these treatments, 
a spray containing 0.02 per cent (Nos. 26 
and 27) and a dust containing 0.5 per 
cent of the gamma isomer exerted a re- 
markable degree of control over the onion 
maggot. Further work will be required to 
determine the extent to which these per- 
centages may be reduced without a 
marked reduction in effectiveness. 

A note of caution might well be 
sounded, however, in view of the results 
secured in Treatment 17. In this test a 
heavy application of hexachlorocyclo- 
hexane killed the seedlings completely. 
Hence it is conceivable that regular ap- 
plications of the gamma isomer to the 
same land over a period of time might re- 
sult in the accumulation of a concentra- 
tion of the chemical which would prevent 
the successful germination of seeds and 
render the soil useless from an agricul- 
tural point of view. 

SumMary.—A total of twenty-nine dif- 
ferent treatments, involving a number of 
different materials and combinations, 
were tried in a preliminary experiment 
on control of the onion maggot, Hylemya 
antiqua (Meigen). A calomel treatment 
gave almost perfect control but was 
considered impractical because of its 
high cost and the retarded growth of the 
treated plots. One of the DDT treat- 
ments was also highly satisfactory but im- 
practical in its present form. Further re- 
search would be necessary to determine 
whether this could be adapted to com- 
mercial practices and machinery. Three 
treatments with hexachlorocyclohexane 
were almost equally effective and showed 
great promise of providing a basis for the 
development of a satisfactory practical 
pes for this pest.—2-11-46. 
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Control of Lygus Bugs in Alfalfa Seed Fields' 


Ray F. Smirn and A. E. Micne.sacuer, University of California, Berkeley 


Within the past fifteen years there has 
accumulated sufficient evidence to defi- 
nitely place lygus bugs? as one of the more 
important factors affecting the yield of 
seed in alfalfa fields in Western North 
America (Sorenson 1932, 1939; Stitt, 
1940; Carlson, 1941). Many chemicals 
have been tested and cultural practices 
such as cultivation, burning, weed con- 
trol, and uniform cutting recommended, 
but a satisfactory control of these bugs 
to the present time has not developed. 
Sorenson (1942) after 12 years of study 
in the control of lygus bugs in alfalfa 
stated that “‘... other methods than the 
use of insecticides will have to be em- 
ployed or developed for the current pre- 
vention and control of lygus bugs in al- 
falfa-seed fields.” As has been pointed out 
by Sorenson (1944) and others this lack 
of control is due to several factors includ- 
ing (1) the lack of control of the lygus 
bugs with a wide range of insecticides (2) 
large scale migration of adults from field 
to field (3) development of large popula- 
tions early in the season due in part to 
wide host range (4) long period over which 
protection must be afforded to buds, 
blossoms, and seeds. The first step in the 
solution of these problems was made 
when Hills (1944) reported 10 per cent 
DDT dust in pyrophyllite to be very ef- 
fective against the adults and nymphs of 
Lygus oblineatus (Say) in cage tests and 
Stevenson et al. (1944) reported 2 per cent 
DDT in pyrophyllite to be effective 
against Lygus spp. in cage tests. The fol- 
lowing year this work was carried into 
the field by a number of workers. Hills 
(1945) found one application of 4.5 per 
cent DDT in pyrophyllite to be an effec- 
tive insecticide against Lygus spp. on 
sugarbeet seed in small field plots. Michel- 
bacher et al. (1945) reported one applica- 
tion of 3 per cent DDT in pyrophyllite 
at 30 pounds per acre to be very effective 
in controlling lygus bugs in a 2-acre block 
in an alfalfa seed field. They suggested 


1 The authors wish to acknow the assistance and advice 
of E. G. Linsley, J. W. MacSwain, F. R. Platt, N, L. McFarlane 
and E, O. Eckert during the course of this investigation. : 

2 Lygus hesperus Knight, L. elisus Van Duzee, and L. obli- 
neatus (Say) are the common species in alfalfa in the various seed- 

‘ons of Californi 


growing sections ifornia. 


that two applications would be necessary 
in severe infestations. Packard (1945) 
and Lieberman (1945a, 1945b, 1946) re- 
ported upon an experiment conducted in 
Utah where a 10 per cent DDT in pyro- 
phyllite dust at 27.5 pounds per acre re- 
duced and held lygus bug populations for 
over 33 days in an alfalfa seed field. The 
treatment resulted in marked increases 
in quality and yield of seed. Hills & 
McKinney (1945) in a series of cage tests 
found 3 per cent and 5 per cent DDT in 
pyrophyllite to be effective, but 0.5 per 
cent DDT in pyrophyllite unsatisfactory 
against L. oblineatus. Loftin (1945) re- 
ported upon field and cage tests with 
DDT dusts against Lygus oblineatus and 
other species on cotton. He found 2 per 
cent DDT was not as effective as a 4 or 5 
per cent DDT dust and that the addition 
of sulfur caused a quicker kill. Romney 
et al. (1945) found dusts containing 2.5 or 
5 per cent DDT and emulsions containing 
either 0.15 or 0.38 per cent DDT to be 
effective against Lygus hesperus in guayule 
seed fields. Sorenson & Carlson (1945, 
1946) and Sorenson (1946) have reported 
upon experiments conducted in Utah. 
In 1944, they compared 10 per cent and 
3 per cent DDT dust with 10 per cent 
sabadilla dust and sulfur-Pyrocide dust 
on small plots (7X7 feet). These treat- 
ments were replicated four times at dos- 
ages of 30 and 50 pounds per acre and 
applied at weekly and semi-weekly inter- 
vals. The DDT dusts gave highly signifi- 
cant increases in quality and quantity of 
seed and lygus control above the other 
treatments in spite of the fact that some 
of the applications on the DDT plots 
were omitted. In 1945, no significant dif- 
ferences were obtained between 5 per 
cent DDT, 3 per cent DDT in sulfur, 20 
per cent sabadilla, and an untreated area 
in a field where the lygus population 
averaged less than one per sweep during 
the fruiting period. However, in another 
field, the same materials were applied 
twice at 20 pounds per acre to 4-acre 
blocks. The mean yield of seed on the 
plots treated with 10 per cent DDT was 
6.8 fold greater than on the untreated 
check plot and the yield on the plot 
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treated with 3 per cent DDT in sulfur was 
3.36 times greater than on the check. The 
lygus count in the check area was 5.16 
per sweep. 

Lygus bugs are in many fields the most 
important factor in reducing alfalfa seed 
yields, but the absence of injurious insects 
does not insure a satisfactory yield. The 
physiological condition of the alfalfa 
plants must be right and the flowers 
tripped and cross-pollinated by bees be- 
fore profitable yields are obtained (Lins- 
ley 1946a). The lygus bugs feed in both 
the nymphal and adult stages and cause 
severe losses by withdrawal of the plant 
juices, mechanical injury, and perhaps the 
injection of a toxin. They feed upon and 
destroy the young growing points (blast- 
ing) which results in stunted many- 
branched plants. They feed upon the 
ovaries and other succulent parts of the 
flower causing the flowers to abscise which 
is known as stripping (Fig. 1) and finally 
they feed upon the young seeds in the pod 
causing them to shrivel. 


Fic. 1.—Lygus injury to alfalfa seed. Left. Racemes 
showing excellent set. Right. Racemes severely 
stripped due to feeding by lygus bugs. 


Seasonal cycle in California: The sea- 
sonal population trends of lygus bugs have 
been followed in alfalfa hay fields for a 
number of years in the northwest portion 
of the San Joaquin Valley. Data for 1942, 
a low lygus year in the Tracy-Patterson 
area, is given in figure 2. The adults come 
out of winter quarters and move into the 
alfalfa fields from the latter part of March 
through April and May. The first nymphs 
usually appear in May and nymphal 
population increases at first slowly and 
then more rapidly to reach peak sometime 
in June. The adults reach a maximum in 
June and this continues over into July. 
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The second brood of nymphs appears in 
early July and continues into August. A 
third and maybe fourth brood occurs in 
the late fall. There are apparently three 
broods a year in this area but the number 
of generations is probably much greater. 
The great variation from year to year in 
the size of these broods is indicated by the 


x 
a 


MEAN NUMBER OF INSECTS PER 25 SWEEPS 
$s 


FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV OEC 


Fic. 2.—Lygus bug population trends for 1942 in 

alfalfa hay fields (lower branches of curves) and in 

alfalfa seed fields (upper branches of curves) in the 

northwest portion of the San Joaquin Valley. Solid 

line indicates total population; while broken line 
indicates nymphal population. 


data given in table 1. The iygus popula- 
tion in seed fields is not depressed by con- 
tinued cutting and usually makes but one 
cycle as indicated in figure 2. 

POPULATION TRENDS OF LYGUS BUGS IN 
SEED FIELDS.—The shape of the popula- 
tion curve during the growth of a seed 
crop is rather characteristic for most 
fields. However, the maximum popula- 
tions vary greatly from field to field. The 
population of lygus bugs usually start at 
a rather low level and rise rather rapidly 
to a peak at full bloom or shortly there- 
after. A marked decline in the population 
then occurs which is associated with com- 
petition, action of predators and para- 
sites, and the less favorable condition of 
the alfalfa. This less favorable condition 
of the alfalfa is brought about, in part, 
by the feeding of the lygus bugs and the 
drying up of the plants as maturity is 
reached. Where the growing period of the 
seed crop is very long there may be a 
second build up of the lygus bug popula- 
tion as new growth starts following the 
complete blasting of buds by the earlier 
lygus bug population. 

The length of time necessary for the 
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Fic. 3. —Typical population trends of lygus a in 
dusted and undusted portions of four alfalfa seed 
fields in lowland middle California. 
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Fic. 4.—Typical population trends of lygus bugs in 
dusted and undusted portions of six alfalfa seed 
fields in the Hemet Valley. 


population trend of lygus bugs to com- 
plete the cycle varies widely. In some 
fields, it occurs in a period of a few weeks 
while in others it may take 2 months or 
more. The length of time is largely de- 
pendent upon the conditions under which 
the alfalfa is grown such as temperature 
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and moisture. If conditions are very dry, 
the cycle is likely to be of short duration 
due to the drying up of the alfalfa. High 
temperature also speeds up the cycle by 
the acceleration of the development of 
the lygus bugs and the desiccation of the 
field. The time necessary for the popula- 
tion to rise and fall is usually longest 
where a field is irrigated or where the 


Table 1.—Average number of lygus bugs per 
25 sweeps in alfalfa hay fields in the San Joaquin 
Valley of California. 








JUNE Broop Aveust Broov 


Adults Nymphs 





YEar Adults Nymphs 





1941 62 29 77 53 
1942 27 26 58 22 
1943 67 61 75 23 
1944 29 31 67 50 





water table is sufficiently high to cause 
continued growth of the plants. The 
largest populations are most likely to 
occur in those fields where a relatively 
long period is necessary to complete the 
normal population trend. In general the 
period necessary to complete the cycle 
was longest in the seed fields of middle 
California, relatively short in the fields of 
the Hemet area, and extremely variable 
in the fields of the Palo Verde Valley. 
Typical population trends of lygus bugs 
encountered in the fields under study in 
1945 are shown for lowland middle Cali- 
fornia in figure 3, for the Hemet Valley of 
Riverside County, California in figure 4, 
and for the Palo Verde Valley of Riverside 
County in figure 5. 

A number of factors complicate the 


*; picture of the normal population trend 


and make general prediction impossible. 
As mentioned above, in a single area the 
growth conditions from field to field may 
be extremely variable. The starting point 
for the population curve is highly variable 
due to the great diversity of conditions 
surrounding fields at the beginning of the 
growth of a seed crop. Lygus bug popula- 
tions build up on a large number of wild 
and cultivated hostsincluding sugar beets, 
Melilotus, dock, Astragalus, cotton, po- 
tatoes, beans, and numerous Compositae. 
The migration of adults from some of 
these hosts and neighboring alfalfa fields, 
especially as the latter are cut for hay, is 
an important factor in influencing the 
population trend in a field. 











EXPERIMENTAL Metuops.—Studies in 
the control of lygus bugs were conducted 
in California under a wide variety of 
climatic conditions in the Sacramento and 
San Joaquin valleys, at Hemet, and in the 
Palo Verde Valley. Practically all of the 
investigations were conducted on a com- 
mercial-scale experimental basis. Usually 
not less than 10 acres were treated in a 
single block in order to minimize the prob- 
lems caused by migrating adult lygus 
bugs. Previous unpublished studies at this 
station have shown that although small 
replicated plots are less expensive to con- 
duct, easier to sample, and easier to 
analyze, they are not practical in the study 
of control methods due to the constant 
migration of adults. In this work, the ex- 
perimental fields were carefully selected 
for uniformity of stand (sometimes from 
an airplane) and insect populations. Large 
check plots (frequently half of the field) 
were left in each field. Dust mixtures con- 
taining from 0.5 to 10 per cent of DDT 
were used. In lowland middle California 
the applications were made with ground 
power-driven dusters and with airplanes. 
At Hemet, all dusting was done with a 
ground duster, while in the Palo Verde 
Valley, all applications were made by air- 
plane. The treated areas were so located 
as to avoid drift of insecticides over the 
check areas. The trends of populations of 
lygus bugs were carefully followed by the 
sweep method in all fields studied. Each 
field was surveyed as many times as possi- 
ble to cover the growth period from pre- 
treatment to the time the crop was nearly 
mature. Stations were selected through- 
out the treated and untreated areas of the 
experimental fields to give an adequate 
indication of the population. At each sta- 
tion two or five sweeps with an insect net! 
were made and both nymphal and adult 
lygus bugs counted. The fields were sur- 
veyed at intervals not exceeding ten days. 
Due to the difficulty of making rapid field 
identification of both adults and nymphs 
of the species involved in our area, and 
because the damage caused by the various 
species indicated by Stitt (1944) was not 
large, no effort was made to segregate the 
several species. 

EXPERIMENTAL Resutts.—In 1944 a 
2-acre block in a heavily infested seed 
field near Tracy, California was dusted on 


_ 1 The frame of the net was an ellipse with a major axis of 15 
inches and a minor axis of 13 inches. 
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Fic. 5.—Typical population trends of lygus bugs in 
dusted and undusted portions of six alfalfaseed fields 
in the Palo Verde Valley. 


July 26 and August 12 with a 3 per cent 
DDT in pyrophyllite at approximately 28 
pounds per acre. Due to untimely rains 
yield records were not obtained but re-, 
duction of lygus bugs under check was 
approximately 90 per cent after dusting. 
Estimated yield for the untreated area 
was less than 150 pounds per acre and 
over 400 pounds for the treated area. 
The population trends in more than 40 
dusted alfalfa-seed fields were followed 
during the 1945 season in the Palo Verde 
Valley. All fields were dusted by plane and 
care was taken to have all applications 
made under as satisfactory dusting condi- 
tions as possible. The results of these ex- 
periments are briefly summarized in table 
2 and the population trends in six fields 
are shown in figure 5. In several experi- 
mental fields unnecessary second applica- 
tions of dust were made (Fig. 5, B and C). 
In these cases, a second dusting would not 
have been considered had the first appli- 
cation been delayed until 10 lygus could 
have been taken to a sweep. There were 
some cases where dusts were applied when 
the populations were small and before 
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bloom that resulted in good control (Fig. fifteen foot canvas drag. The damage done 
5, D and E). These were fields with a_ to bedded alfalfa by passing over it with 
rather short growing period. There were the equipment was negligible. The results 
other cases where a delay in the applica- of these experiments are summarized in 
tion of dust would have resulted in much Table 4 and the population trends in six 
better control (Fig. 5, A, B and C). fields are shown in figure 4. In the Hemet 
Approximately 15 fields were dusted in Valley the peak populations were reached 
the Hemet Valley with 5 per cent DDT in the last 2 weeks of July as compared to 
in tale. The population trends were fol- the Palo Verde Valley where the peak 
lowed in 10 of these fields. All of the dusts populations were reached near the first of 
were applied in the early morning witha July. 
Howery-Berg row-crop duster carrying a In lowland middle California, the popu- 













Table 2.—Results of applications of DDT dust at approximately 30 pounds per acre by airplane in 
the Palo Verde Valley, California. 











Tota. Lyeaus Bucs PER SWEEP YIELDS 



























Pre- Post- Per Lbs. of Per 
treatment treatment Cent Clean Seed Cent 
Date APPLIED Counts Counts Cleanout per Acre In- 
AND STAGE 








crease 


or GRowTH Date Count in Lbs. 


Date DDT Check 





DDT Check DDT Check 











8 per cent DDT 









July 9 7/2 27.0 7/10 


7.2 48.4 — — 360.4 181.5 98 .6 
late bloom 7/18 4.1 38.1 
6.0 22.3 











June 16 6/15 1.0 6/23 0. 10. — — 252.8 171.3 47.6 
prebloom 6/28 4 12.8 



























July 10 7/3 1.5 7/18 5.6 6.4 ' 4.9 21.2 177.4 133.5 32.9 
full bloom 7/20 1.9 25.1 
July 10 —— — — — —_— 22.6 25.0 99.4 85.0 16.9 


late bloom 












5 per cent DDT 








July 9 7/25: FEA 7/10 2.0 48.4 14.6 23.5 428.8 181.5 186.3 
1.3 





late bloom 7/13 38.1 
7/21 5.5 22.3 

























June 9 6/8 3.9 6/18. .62- 383 10.5 11.9 489.5 302.1 62.0 
early bloom 6/23. 8.6 21.9 
July 10 6/28 15.3 28.8 
late bloom T/12 2b. Bs 
7/21 1.3 3.9 

June 6 —+ _— 6/10 0.5 2.7 3.6 28.7 479.6 300.5 59.6 
prebloom 6/25 14.6 25.9 
7/4 4.1 $8.2 
July 9 7/11 1.6 23.3 
late bloom 7/14 0.9 10.9 
‘ 


7/20 0.7 Li. 

















June 3 — — 6/9 0.4 


21.7 16.1 500.0 376.7 32.8 
prebloom 6/15 0.6 


- 
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Table 2.—(Continued) 








Torau Lycus Bugs PER SWEEP 


YIELDS 





Pre- Post- 


treatment 


AND STAGE 


treatment Cent 
Date APPLIED Counts Counts 


Per Lbs. of Per 
Clean Seed Cent 


Cleanout per Acre In- 





or GROWTH 


Date Count Date DDT Check 


crease 


DDT Check DDT Check in Lbs. 





June 9 6/8 8.5 6/11 0.8 


early prebloom | 6/18 1.5 
6/24 9.0 
7/5 10.7 
7/18 39 
7/22 $i 
8/3 ll 
8/12 12 


7.0 34.3 40.8 267.2 158.8 68.3 





June 9 Q 6/12 
full bloom 6/16 
6/24 
6/28 

7/2 
7/12 
7/20 

8/2 


mI rowcmRa| HHDos 





July 8 2 7/9 
full bloom 7/12 
7/20 

8/3 





July 10 : 7/13 
full bloom 7/20 


war | Pa we 





| 


July 10 _ 
late bloom 





10 per cent DDT 





July 9 
late bloom 


181.5 112.6 





July 10 
late bloom 


105.9 85.0 24.9 





lation trends were followed in seven fields. 
The population trends in four fields are 
shown in figure 3. The peak populations 
occurred in late July and early August. 
Marked increases in yields resulted in one 
case where the dust had been applied 
after the population of lygus had reached 
its peak (Fig. 3C). It should be noted 
however that in this field the average 
population in the untreated areas was 
over 20 per sweep for nearly a month. The 
field shown in figure 3A had less than 15 
pounds of alfalfa seed per acre in the 
check area and 411.5 pounds of seed per 
acre in the treated area, an increase of 
over 27 fold. The field shown in figure 3C 
had a yield of 94.7 pounds per acre in the 
check area and 334.4 pounds per acre in 


the treated area, an increase of 252 per 
cent over the check. 

Various workers (Lieberman 1945; 
Sorenson & Carlson 1945; Hills & Mc- 
Kinney 1945) have reported sabadilla 
dusts to be effective in killing lygus bugs. 
Five fields in the Palo Verde Valley and 
one near Tracy were treated in 1945 with 
sabadilla. The material used in the Palo 
Verde Valley contained 10 per cent 
sabadilla seed, while that in the Tracy 
area contained 20 per cent. The results 
of these tests are summarized in table 3. 
The tests with sabadilla were encourag- 
ing, but this insecticide did not prove to 
be as effective as DDT. 

Timinc or Dusts.—As we have ob- 
served conditions in California, lygus 
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bugs are not likely to cause any material 
damage until an average of at least five 
can be collected per sweep of an insect 
net and severe loss of seed is not likely to 
result until the population reaches a much 
higher level. The population trends of 
lygus bugs for two fields which showed 
little or no increase in yield are plotted in 
figure 4E and F. In both cases it should 
be noted that the peak population of lygus 
bugs for the undusted portion of the field 
reached about 15 per sweep. Moreover, on 
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bugs reach a peak of 15 per sweep. It is 
rather difficult, if not impossible, to pre- 
dict such a level in prebloom and the fol- 
lowing points should be considered in de- 
termining the desirability of treatment: 
1) expected increased yield as weighed 
against cost of treatment; 2) probable size 
of lygus bug population as affected by 
vegetative condition of alfalfa, crops 
grown in adjacent fields, period remaining 
until harvest, population of beneficial in- 
sects (especially pollinating bees), and the 


Table 3.—Results of dusting with 10 per cent sabadilla.' 








Date 
APPLIED 


Tota. Lyeus Bucs Per SwEEP 


YIELDs 





Lbs. of Clean 


Seed Per Acre Per Cent 





AND 
STAGE OF 
GrowTH 


Powunbs 
PER 


AcRE Date Treated 


District 


Increase 


in Lbs. 





Un- 


treated Treated Check 





7/3 
7/9 
7/12 
7/20 


Palo Verde 
Valley 


63 


7/8 
full bloom 


169.5 136.5 +33 .0 


15. 





6/16 
half bloom 


6/15 
6/23 


Palo Verde 
Valley 





6/7 
6/12 
6/25 


Palo Verde 
Valley 


6/6 
prebloom 





6/8 
6/11 


Palo Verde 
Valley 


6/9 
early bloom 








6/8 

6/12 
6/16 
6/25 


Palo Verde 


Valley 


6/9 
full bloom 





V/17 
full bloom 


7/16 
7/19 
7/6 
7/31 
8/5 

8/16 


Tracy 





1A 20 per cent sabadilla dust was used at Tracy. 


the basis of yield studies in the Tracy 
area, one would also conclude that when 
the maximum lygus count is under 15 
reasonable yields can be expected. Under 
some conditions populations of lygus bugs 
may develop to a point where a complete 
loss of seed will result (Fig. 3A and B), 
but this is a population of over fifty lygus 
bugs per sweep for a considerable period 
of time. Dusting to control this pest is 
probably not justified under California 
conditions unless the number of lygus 


effect of the dusting upon these beneficial 
insects; 3) deposition of alfalfa straw fol- 
lowing harvest. 

At the present time we are unable to 
accurately predict the probable peaks of 
lygus bug populations. Consequently, 
with our present knowledge, the popula- 
tion trends must be followed in the indi- 
vidual fields by making rather frequent 
surveys. Certain generalizations, how- 
ever, can be made. Large populations are 
more likely to develop in fields that are in 
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Bao 4.—Results of dusting with 5 per cent DDT in tale by ground machine in the Hemet Valley, 
California. 








YIELDs 


Lbs. of Clean 
Seed 


Tota Lyeus Bucs per SWEEP 


Pre- 
treatment 
Counts 





Post- 
treatment 
Counts 


DDT 


DatE 
AND 
AMOUNT 
APPLIED 
Per AcRE 


Per Acre 
DDT Check 
$26.2 148.1 





STAGE OF 
GrowTH 


Full 


Bloom 


Date Count Date Check 





7/7 
7/10 
7/18 


6.4 
4.7 
14.4 


7/25 
7/31 
8/8 


ooo 
2% 
es) 
ao 


Pw] COM] Dicom © | wioKem | wee | peawe | daw! aee 
Oo 





7.0 7/14 
1/17 


7/31 


Early 7/6 


Bloom 


Om oO — 
more oSzss “oe 


mowl canoe | wane e| ard] prweese| ano] io 





7/6 
7/10 


7/15 
7/20 
7/25 
7/31 
8/9 


Early 


30 lbs. Bloom 


a= OOO ome 





7/21 
7/30 
8/8 


July 18 
25 Ibs. 


— 
ono 
— 





July 14 
40 lbs. 


a/17 
1/25 
7/31 
8/8 


7/20 
7/25 
7/31 
8/9 


7/21 
7/30 
8/8 


coco 
_ on 
Sstee 





July 17 
30 Ibs. 





July 18 
25 Ibs. 





7/21 
7/30 
8/8 


July 19 


- 
Srel|anre|/ o8ER 


— at 
alomoa 





a 
—_ 
oe 


July 16 
30 Ibs. 


7/17 





6 
8 
0 
8 
2 
5 
5 
7 
0 
0 
0 
4 
7 


14.5 
11.0 
8.2 


July 9 
30 Ibs. 


7/14 
7/17 
7/31 





o — ee 
21 own 


July 15 11.7 


80 lbs. 


July 1 
30 lbs. 


7/17 





7/6 
7/10 
7/17 


Early 


17. 
Bloom 18, 
9. 





a lush, rapidly-growing condition than in 
those where the growth is poor. Likewise 
population increases will be greater in 
those fields where growth of the seed crop 
is normal as compared to a field that dries 
up rapidly due to lack of moisture. If the 
growing period of the crop is long, the 
development of a large population of lygus 


bugs is likely. It is in such fields that the 
timing of the dust application is exceed- 
ingly important. If adjacent hay fields 
containing lygus populations are about to 
be harvested, the dusting, if at all possible 
should be delayed until this has occurred 
in order to avoid the migration of a large 
number of lygus bugs into the field follow- 
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ing dusting and to minimize the danger of 
drift of DDT onto the hay crop. Large 
migration of adult lygus bugs into a 
dusted field from a hay field may make it 
desirable to apply a second application. 
This situation is well illustrated in figure 
8A, where the steep rise in the population 
of lygus bugs just before the second ap- 
plication of dust was due to a heavy 
migration of lygus bugs from an adjacent 
heavily infested hay field that was being 
cut. 

In most cases it would appear best to 
delay dusting until an average of ten 
lygus bugs can be collected to the sweep 
of an insect net. A population of this size 
is usually not reached until the field is well 
into bloom. Where a dust is applied too 
early in the growth of a crop, there is 
danger that the effective residual action 
of the DDT will wear off before the seed 
crop is made, and that much of the seed 
will be lost due to destructive populations 
of lygus bugs that subsequently develop. 
This is almost certain to happen where the 
period necessary to produce a seed crop 
is long. 

DDT anp Potuinatine Bees.—Ideally 
the DDT dust should be applied before 
the alfalfa comes into bloom, for at this 
time the insecticide will not have any 
harmful effect upon either wild bees or 
honeybees. However, in most cases, the 
ideal time to dust for lygus bug control 
is after the bloom has started and the 
bees are in the field. The question of the 
effect of DDT on bees is not entirely 
clear as yet. Many workers have reported 
no losses to bees (Knowlton 1946). 
Linsley (1946b) and Eckert (1946) re- 
ported no losses to colonies, but state 
there is a suppression of the bee popula- 
tion in the dusted fields for a few days 
followed by a rise in numbers. In some 
cases, several days after dusting, the bee 
population in the dusted area may exceed 
that found in adjacent undusted areas. 
This is, no doubt, due to the increased 
bloom which results from controlling the 
lygus bugs. Under extreme conditions, 
the populations of lygus may become so 
large that all the bloom in the undusted 
area may be destroyed leaving neither 
nectar nor pollen for the bees to collect. 
Where lygus bug populations are large, it 
can be argued that DDT dusting is bene- 
ficial to bees because it increases the 
honey flow. 


Effect of DDT on predators.—Although 
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it was not possible during the 1945 
season to make any quantitative studies 
of the effect of DDT on predators in al- 
falfa fields, several general observations 
were made. Ladybird beetles were nearly 
eliminated in some cases where the dusts 
were applied. This, however, was not the 
case with the hemipterous predators and a 
number, including Geocoris, Nabis ferus 
and some Anthocoridae appeared to be 
less affected by the DDT than was the 
population of lygus bugs. There were 
numerous cases where these predators ap- 
peared to be noticeably more abundant in 
the treated than in the check areas. In 
one case a very large Geocoris population 
developed in the treated area and over- 
flowed into the check where it no doubt 
was important in reducing the population 
of lygus bugs. The population trend of 
lygus bugs for this field is plotted in 
figure 5F and the overflow of Geocoris from 
the treated area probably accounts for the 
rather small population and the flattened 
rather than a sharp peak which occurred 
in the check as compared to those found 
in other fields. Although these hemipter- 
ous predators are less affected by DDT 
than lygus bugs at dosages of 30 pounds 
of 5 per cent DDT dust per acre, it would 
seem wise to maintain this favorable bal- 
ance by holding the concentration of 
DDT in the dust to the absolute mini- 
mum that will give satisfactory control 
of lygus bugs. 

RexativeE Errect or DDT vupon 
ApULTs AND Nympxus.—Observations in 
1944 indicated that DDT was more ef- 
fective in killing nymphs of lygus bugs 
than it was against the adults. These ob- 
servations were substantiated by general 
field observations during the past season. 
Moreover, populations following dusting 
usually consisted almost wholly of adults, 
and nymphs were not usually encountered 
in numbers until a week or more after the 
treatment was applied. 

Carriers.—Considerable evidence was 
obtained during the course of the season’s 
work which indicates that the carrier 
used influenced the killing action of the 
dust. A very good kill of lygus bugs was 
obtained in 1944 with a 3 per cent DDT 
in pyrophyllite applied at approximately 
28 pounds per acre. However, in other 
tests in the same area in 1945, 3 per cent 
DDT in tale at approximately the same 
rate of application did not give a compar- 
able initial kill. Residual action appeared 
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to be the same. In other tests sulfur ap- 
peared to increase the effectiveness of 
DDT as compared with talc. Some injury 
to open blossoms occurred where sulfur 
was used during the blooming period, but 
in no case did it appear to be of a serious 
nature. The whole problem of compound- 
ing these dusts and the effect of various 
manufacturing methods is in need of criti- 
cal investigation. In one test a specially 
compounded dust that contained only 
one-half of one per cent of DDT gave 
surprisingly good control when applied at 
the rate of 40 pounds per acre. The re- 
sults of this test are shown in figure 3B. 

MetuHops oF APPLICATION.—Satisfac- 
tory control of lygus was obtained where 
the dusts were applied either with good 
ground machines with a canvas drag or 
by careful airplane dusting. In some cases 
there was considerable drift and poor 
control resulted to the windward and ex- 
cellent control occurred outside the 
treated plot to the leeward. When airplane 
applications are made carefully and there 
is a minimum of air movement, good con- 
trol will result. Ground machines of the 
boom-type equipped with an adequate 
hood or drag gave the most satisfactory 
results and held the drift to a minimum. 
On the other hand the heavy ground ma- 
chines have the disadvantage of crushing 
bedded alfalfa. 

Conc.usions.—DDT is a very satis- 
factory insecticide for the control of lygus 
bugs on alfalfa seed crops. It appears to 
be a safe material but further large scale 
experimental commercial tests are neces- 
sary before unrestricted recommendations 
can be made. Although it does not appear 
to be too harmful to wild bees and honey- 
bees, further studies are necessary to prove 
that this is actually true. The normal 


lygus bug population trend during the 
growth of a seed crop is marked by a 
rather rapid rise of the population to a 
peak which is reached at about the time 
the alfalfa is in full bloom. This peak is 
followed by a more or less abrupt decline. 
A properly timed dusting should be ap- 
plied so as to eliminate or suppress the 
population during the period of most rapid 
build up. This period of high density of 
lygus bugs can be best prevented if a 
dust is applied when the population 
reaches about 10 lygus bugs (adults and 
nymphs) per sweep of the insect net. In 
some cases (Fig. 3A), the dusting is best 
delayed until even a higher population 
occurs. There are many fields where con- 
trol is not justified since the populations 
frequently do not develop to a point 
where dusting is economically justified. 
From our investigations it would appear 
that exceptionally good control of lygus 
bugs can be expected when the amount of 
actual DDT ranges from about 1 to 1.5 
pounds per acre. Until more information is 
obtained, it is believed that best results 
will be obtained if a 5 per cent DDT dust 
is applied at 30 pounds per acre. A 3 per 
cent dust should be applied at from 40 
to 50 pounds per acre, and a 4 per cent 
DDT fused sulfur dust at 30 pounds per 
acre. It is believed that it may be possible 
to compound dusts in some manner to 
increase the effectiveness of DDT so that 
the actual amount of material needed per 
acre can be reduced below the figures 
given above. Improved means of applica- 
tion should also permit reducing the 
above dosages. Pending a detailed study 
on the effect of DDT residue on the straw 
after harvest, it is recommended that 
straw from fields dusted with DDT not 
be fed to livestock.—8-3-46. 
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Growth of the Sugar-Beet Wireworm on 


Different Food Plants 


F. H. Sarrcx, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine! 


Wireworms are known to feed on a wide 
variety of plants, but there is little pub- 
lished information on how the food plant 
available to the larva affects its rate of 
growth. In carrying on life-history studies 
with various species of wireworms, most 
investigators have supplied the larvae 
only with foods favorable to their survival 
and rapid growth. Lane (1924) used 
sprouting wheat as food for wireworms 
reared in salve tins in the laboratory, or 
in sheet-iron cylinders set in the soil. 
Bryson (1929) supplied wheat and oats 
to wireworms reared in tile cages, and 
Stone (1941) found the growth response of 
the sugar-beet wireworm, Limonius cali- 
fornicus (Mann.) to be favorable on the 
seeds of corn, wheat, and lima beans. 
Evans & Gough (1941), in working with 
larvae of Agriotes abscurus (L.), found 
growth to be more rapid on grains of 
wheat than on bean seeds or slices of 
carrot. They also found that the larvae 


1 In cooperation with the Agricultura] Experiment Stations of 
Washington and Idaho. ; : mie 

* This work was done as a part of the wireworm investigations 
—r in the Pacific Northwest under the direction of Mer- 


apparently were not able to obtain food 
from the soil itself, even when its organic 
matter was increased by adding sewage 
sludge, farmyard manure, or rotting 


ProcepuRE.—In the growth studies of 
sugar-beet wireworm herein reported, no 
attempt was made to include all the host 
plants that might be available to the in- 
sect under normal conditions; however, 
the plants were so chosen that a number 
of families were represented. Plantings 
were made in 4- or 6-inch unglazed flower- 
pots a month or more before the wire- 
worms were released in them, to give the 
growing plants time to use up all the seed 
material, making only the roots or other 
underground parts available for the lar- 
vae to feed on. In order to have the larvae 
small enough so that growth on the host 
plant would be shown, wireworms that 
had attained one season’s growth in out- 
door cages were used. To insure homo- 
geneity, all the larvae taken from the 
outdoor cages were thoroughly shaken 
with soil in a covered pail before the re- 
quired number were withdrawn by chance 
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for inclusion in the tests. To prevent loss 
of wireworms through cannibalism, only 
one was placed in each flowerpot. Once a 
month the lawrvae were removed from 
the flowerpots and each was placed on 
moist blotting paper in a 2-ounce salve 
tin; then it was transferred to a weighing 
bottle and was weighed on an analytical 
balance sensitive to 0.1 milligram. After 
the weights were recorded, the larvae 
were again placed on moist blotting paper 
and then transferred to pots containing 
the same kind of plants that they had 
previously fed on. The pots were kept in 
the greenhouse, where mean daily soil 
temperatures at a depth of 3 inches,in 
unshaded soil of the same composition as 
that used in the pots, ranged from 48° to 


84°, averaging 68° F. Watering, as re- 
quired by the various crops to keep the 
plants growing thriftily, was done by 
hand. Care was taken not to supply too 
much water to pots containing soil only, 
as such pots dried out very slowly. 
Resutts.—The results of a 6-month ex- 
periment, which included a number of 
different field and garden crops, are sum- 
marized in table 1. Distinct differences 
were found in the abilities of the various 
plants to promote growth of wireworms. 
Among the cereals, barley, sweet corn, 
and wheat were satisfactory foods for, 
wireworms under greenhouse conditions 
and the growth rate of larvae was not sig- 
nificantly different on these three plants. 
Oats ranked significantly below barley 
and sweet corn, but the difference between 


Fic. 1.—A block of pots used in greenhouse studies on the relation between food plant and 
rate of growth of wireworms. 
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oats and wheat was not significant. Barley 
and alfalfa planted together ranked sig- 
nificantly below barley alone and signifi- 
cantly above alfalfa alone. 

In tests of carrots and sugar beets 
different-sized plants were compared. 
“Large carrots” were old roots that had 
been potted and caused to resume growth, 
and “‘small carrots” were seedlings at least 
a month old at the beginning of the feed- 
ing period. Sugar-beet plants designated 
as “large” or “‘small” had 10 to 12 or 4 to 
6 leaves per plant, respectively, but in 
none was there much enlargement of the 
taproot. The wireworms developed faster 
on the larger plants of both carrots and 
sugar beets, but differences were not sig- 
nificant. 






A total of 360 wireworms were used in 
this experiment, or 20 replicates for each 
of the flowerpot tests. Only 10 wireworms 
pupated, the distribution of pupae in the 
flowerpots being as follows: 4 on barley, 
2 on barley and alfalfa, 3 on sweet corn, 
and 1 on wheat. 

Field populations of wireworms have 
been observed toincrease greatly when red 
clover is grown (Shirck & Lanchester 
1936). Evidently sweetclover is also asso- 
ciated with increases in wireworm infesta- 
tion (U. S. Bureau of Entomology and 
Plant Quarantine 1937). Alfalfa, on the 
other hand, does not favor increase. In 
previous studies by the present author the 
only increases in alfalfa were in small 
plots into which adults of the sugar-beet 
wireworms migrated from adjoining plots 















650 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 39, No. 6 


Table 1.—Growth and survival of the sugar-beet wireworm on various plants in the green- 


house. Twin Falls, Idaho, 1943. 
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AVERAGE 

WEIGHT ToraL | Surviv- 

at Bectn-| AVERAGE GAIN PER WIREWORM, BY MontTHS GAIN PER | ING AT 

NING OF . | Wrre- | Enp or 

PLANT Test | First |Second| Third | Fourth | Fifth | Sixth | worm! | Test 

Mg. | Msg. Mg. Mg. Mg. Mg. Mg. Mg. Per Cent 
Barley 1.8 2.2 0.7 3.7 6.4 9.3 6.5 | 28.8 30 
Peas 2.1 —.8 1.3 3.0 1.9 6.3 18.4 | 25.6 30 
Sweet corn 1.6 1.1 Pe | 2.6 8.3 6.2 6.4 24.7 35 
Wheat 1.1 2.1 0 2:2 5.7 3.2 4.3 16.5 35 
Barley and alfalfa 1.6 2.5 0 1.1 2.0 3.0 7.2 15.8 55 
clover 1.5 4 “7 4 2.7 4.0 7.2 15.4 25 
Large carrots S28 fiat 1.8 9 2.9 4.2 2.0 | 11.9 25 
Large sugar beets 1.3 2.2 | —.5 2.0 1.0 1.5 5.1 11.3 40 
Cabbage 2.0 | —.$ 8 1.4 2.9 3.4 3.7 11.9 10 
Oats 1.5 i 22 .l 3 2.9 2.4 {|—1.1 5.8 30 
Cucumber ge ES roe Bes 2 Poe oe Fo te 7.4 25 
Beans 1.3 4 4 2.9% 8.0 1.9 —.5 6.4 25 
Onions 1.9 | ie Ry .6 A) 2.0 2.2 6.2 50 
Small carrots | 2.5 3 | 2.1 2 ‘9 | 2.6 |-2.7 3.4 10 
Small sugar beets 1.8 6 1.1 —.2 Pe 1.0 | —.1 3.0 15 
Alfalfa | 1.4 15 | —.8 4 8 71-2 2.9 15 
Lettuce | @8 | —.4 5 6)/—4 i -.8 6 6 15 
Soil 1.9 0 4 3 —.l1 2 —.5 3 20 























1A difference of 12.8 mg. is significant at the 5 per cent level. 


of clover or other crops and reinfested the 
alfalfa plots each year. No satisfactory 
explanation for this difference between al- 
falfa and the clovers has been found, but 
tests reported in this paper show that both 
red clover and sweetclover are superior to 
alfalfa as food plants for wireworms. 

Since the growth of wireworms was 
found to be somewhat more rapid on larger 
plants of sugar beets and carrots than on 
younger plants of the same varieties 
(Table 1), it was decided to compare al- 
falfa, red clover, and sweetclover, using 
mature plants instead of seedlings. Soil 
with no food and oats were also included 
in the test, the data for which are sum- 
marized in table 2. The plants were dug 


up from fields, potted in 6-inch pots, and 
kept in the greenhouse 6 weeks before the 
feeding experiments were begun. Each 
food plant was replicated 30 times, and 1 
wireworm was placed in each pot. The 
wireworms were examined and weighed 
at monthly intervals for 4 months, the 
survivors on the three legumes being re- 
placed in the soil with the plants they had 
been feeding on and the others being 
placed in pots with fresh oat plants 1 
month old. The development of the wire- 
worms was significantly greater on red 
clover than on alfalfa or in soil containing 
no plant. 

During the experiments summarized in 
tables 1 and 2, 71 per cent of the wire- 


Table 2.—Growth of the sugar-beet wireworm on mature potted plants of legumes, as compared 


with oats. Twin Falls, Idaho, 1943. 

















AVERAGE Tora. | LARVAE 

WEIGHT AVERAGE GAIN IN WEIGHT PER GaIN Surviv- 

AT BrcIn- Wrreworms, By Monts PER ING AT 

NING OF WIRE- END oF 

Crop Trest First Second Third Fourth worm! TEsT 

Mg. Mg. Mg. Mg. Mg. Mg. Per Cent 
Red clover 1.6 1.3 1.0 6.1 1.5 9.9 37 
Sweetclover 1.8 1.6 1.5 2.7 3.5 9.3 40 
Alfalfa 2.0 3 me | 2.6 —.1 2.9 40 
Oats 2.2 1.2 5 9.7 2.0 6.4 20 
Soil (check) 2.0 —.5 8 —.4 —.2 —.8 10 














1 A difference of 6.8 mg. is significant at the 5 per cent level. 
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worms died. The causes of the heavy 
mortality were difficult to determine. Few 
visible indications of disease were encoun- 
tered. The mortality was evidently asso- 
ciated with nutrition, since it tended to 
be heavier in the soils containing the 
poorer foods and in soil with no food. 
SumMArY.—Greenhouse studies to com- 
pare several agricultural plants as to their 
ability to promote growth in wireworms 
were made at Twin Falls, Idaho. The re- 
sults presented in this paper show that 
plants of various sorts vary widely in suit- 
ability as food for larvae of the sugar- 
beet wireworm, Limonius californicus 
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(Mann.). The cereals, except oats, ranked 
first among the plants tested under green- 
house conditions. Barley, barley and al- 
falfa, sweet corn, and wheat were the only 
plants tested in which pupation occurred. 
On alfalfa alone the growth of wireworms 
was consistently slow. Red clover was a 
significantly better food plant than alfalfa 
and ranked above oats. The growth of 
wireworms feeding on such truck-crop 
lants as cabbage, sugar beets, cucum- 
rs, onions, and lettuce was poor. The 
growth of the wireworms was more rapid 
on older plants than on seedlings of the 
same varieties. 
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Lasker Group AWARD TO BurEAU OF ENTOMOLOGY AND PLANT QUARANTINE 


A Lasker Group Award was presented to the 
Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture, by the American Public 
Health Association, at the 1946 convention of public 
health workers held November 12, in Cleveland, 
Ohio. Engraved on the award, a silver replica of the 
famous statue “Winged Victory,” are the words, 
‘In recognition of distinguished service in the solu- 
tion of problems involving the health and comfort 
of the armed forces, with particular reference to in- 
sect-borne diseases.” 

Dr. F. C. Bishopp, Assistant Chief, In Charge of 
Research, of the Bureau of Entomology and Plant 
Quarantine, received the Award for the Bureau. 
Dr. Bishopp is a specialist in the field of medical 
entomology and he had the over-all direction of the 
research conducted by the Bureau for the benefit of 
the armed forces. Three Divisions of the Bureau 
carried on the research. Entomologists and chemists, 
working mainly at the Agricultural Research Center 
at Beltsville, Md., and at the Bureau’s laboratory at 
Orlando, Fla., were responsible for the success of 
the research program. 

The citation which accompanied the award 
states “Early in the war, the Bureau of Entomology 
and Plant Quarantine, at the request of the United 
States Army, undertook the discovery and develop- 
ment of methods to control insects responsible for 
spreading diseases of particular significance during 
wartime. Outstanding among these was the search 
for more effective and practical methods of con- 
trolling body lice (typhus) and . . . mosquitoes 
(malaria, yellow fever, dengue, filariasis, encephali- 
tis, ete.) Specialists skilled in the identification of 
insects assisted the armed forces by the identification 


of thousands of... insects, mites, and ticks sus- 
pected of carrying diseases and by training military 
personnel. This was part of a program which in- 
volved the testing of some 10,000 compounds and the 
ultimate discovery and adoption of several, includ- 
ing the aerosol bomb, which has been of inestimable 
value in combatting malaria (and other insect-borne 
diseases) .... The Bureau conducted basic ex- 
periments which resulted in the development of di- 
methyl phthalate and later benzyl benzoate . . . 
effective in high degree against the mite carriers of 
scrub typhus... undertook studies (on DDT) 
which were influential in its use in the prevention of 
epidemic typhus fever among our troops.... 
Equipment was devised by the Bureau for the dis- 
persion of DDT insecticides to meet various field 
needs . . . . Not the least of the achievements of the 
Bureau has been... its research and control op- 
erations against insects of agricultural importance 
. .. helping to assure an adequate food supply for 
the armed forces and those behind the lines. The 
American Public Health Association cites these 
achievements of the Bureau of Entomology and 
Plant Quarantine as a notable contribution to the 
public health.” 

President Truman, in a letter dated November 7, 
1946 regarding the Lasker Awards stated, “We try 
to take care of our people who are ill, but the greater 
wisdom would be to bend our greater effort to keep 
them well by spending money to find not only the 
cure of disease, but its cause and prevention.” It is, 
of course, more logical and more effective to control 
disease-carrying insects than to try to cure humans 
after the insects have caused their diseases. 











The importance of mosquito control in 

war areas and the varied conditions of 
terrain under which control operations 
had to be carried out necessitated the de- 
velopment of a number of new devices for 
dispersing insecticides. Emphasis was 
placed upon the design of equipment 
which would be light, compact, easy to 
operate, free from the possibility of 
mechanical failure, and capable of efficient 
dispersion of concentrated spray solutions 
containing as much as 20 per cent DDT. 
Data were available which showed that 
the efficient dispersal of concentrated 
sprays was dependent upon the ability of 
the equipment to break up the liquid into 
small particle sizes, the lower limits of 
which were determined to be about 10 
microns in diameter. Experience has 
shown that such small particle sizes may 
be employed only under the most favora- 
ble meteorological conditions. Our efforts 
were therefore directed toward the design 
of equipment where the mass median 
diameter of the dispersed solution could 
be varied through a range of 10 to 200 
microns in diameter in order to cope with 
the effects of varied conditions of terrain 
and weather. 

The equipment was designed primarily 
for use on the quarter-ton, 4X4 truck, 
commonly known as the jeep, but with 
minor modifications it can be adapted for 
use on other internal combustion engines 
that are provided with adequate cooling 
systems. 

The principal uses of the equipment up 
to the present time have been in the dis- 
persal of DDT for the control of flying 
insects such as flies and mosquitoes in 
buildings such as dairies, airplane hang- 
ars, barracks and auditoriums, and places 
out of doors such as are found around 
garbage disposals, livestock pens, public 
gathering places, forests, swamps and 
drainage canals. The equipment when 
used inside buildings is adjusted to pro- 

1 This paper is based in part on work done for the Office of 


Scientific Research and Development under Contract OEMsr- 
102, with the University of Illinois. 


searc nt. 
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A Simple Exhaust Aerosol or Spray Generator 
for Dispersing Insecticide Solutions! 
R. I. Ricz,? H. F. Jonnstong,’ and C. W. Kearns,‘* University of Illinois, Urbana 
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duce small drops varying from 5 to 25 mi- 
crons in diameter while the jeep is driven 
about in the enclosure. The dosage re- 
quired to produce desired results under 
such conditions is about the same as one 
would use in applying DDT as a liquefied 
gas aerosol, or about 100 milligrams of 
DDT per 1000 cubic feet of space. In out- 
of-door operation the jeep is operated on a 
front across and upwind from the area be- 
ing treated. The drop size is regulated to 
take the maximum advantage of wind 
drift that is consistent with meteorological 
and ground conditions in order to extend 
the area of effective treatment. 

In addition to its proven usefulness in 
control of flies and mosquitoes, it has been 
used successfully in the control of mos- 
quito larvae in ponds, drainage ditches 
and swamp areas which were accessible to 
the jeep. It has also been used success- 
fully to control flies infesting farm lots. 

The use of this generator is not limited 
to application of concentrated solutions of 
DDT in oil. Other insecticides and 
solvents including water and emulsions 
may be applied in a satisfactory manner 
by changing the flow rate and throttle set- 
ting to obtain the desired drop size range. 
Recently the generator has been used 
with considerable success for dispersing 
chlorinated hydrocarbons for the control 
of grasshoppers, Melanoplus differentialis, 
destroying farm crops. The versatility and 
the simplicity of the equipment* have 
prompted us to report in detail its con- 
struction and operation and to suggest its 
possible use in the control of other insects 
where the use of concentrated sprays 
seems feasible. 

THEORETICAL.—The exhaust generator 
is a simple venturi nozzle using the gases 
from an internal combustion engine as the 
source of energy to break up the liquid. 
The liquid is injected into the high veloc- 
ity exhaust gases at the throat of the ven- 
turi, and atomization is effected by the 
shearing forces on the liquid caused by the 


6 Note: Application for patent protection on this equipment 
has been filed with the U. S. Patent Office and the patent has 
ren assigned to the Board of Trustees of the University of 

inois, 































relative velocity between liquid and gas. Y.Tanasawa (1938-40), who, on the basis 


The average diameter of the droplets de- 
creases as the gas velocity is increased and 
the rate of liquid flow is decreased. 

The gas velocity through a nozzle de- 
pends upon the upstream pressure, on the 
design of the nozzle, and to some extent, 
on the physical properties of the gas. The 
velocity through a nozzle attached to the 
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of a large number of experiments, were 
able to derive two empirical correlations 
on the drop size distribution and_per- 
formance of pneumatic nozzles. .These 
have served as a basis for a more extensive 
study in this laboratory in which it was 
found that the same methods of correla- 
tion could be applied to exhaust atomizers 
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exhaust of an internal combustion engine 
is limited by the back pressure considered 
practical for the engine. It is well known 
that a properly designed venturi throat 
gives the maximum recovery of the energy 
required to accelerate the gas through the 
nozzle and therefore will provide a higher 
gas velocity than can be obtained with a 
simple convergent nozzle operating at the 
same exhaust back pressure. 

The extent of atomization of a liquid 
when it is injected into an air stream has 
been the subject of several experimental 
investigations. The most complete pub- 
lished work in this interesting field was by 
two Japanese engineers, 8. Nukiyama and 


Fie. 1.—Details of construction of the exhaust generator. 






and, in a limited way, to hydraulic noz- 
zles. The important factors influencing the 
degree of atomization are: (a) the relative 
velocity of the gasat the point of injection 
of the liquid, (b) the physical properties of 
the liquid, including surface tension, vis- 
cosity and density, and (c) the relative 
quantity of gas expressed by the ratio: 
volume of gas to the volume of liquid. 
Over a limited range of these variables the 
following empirical equation represents 
the degree of atomization: 


585/¢ ( m 0.45 1000Q1 15 
Do= +597 —-) ( ) 
0 Vp Vop Qa 
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where 
Do= the characteristic drop diameter e 


the spray 


vo=relative velocity between gas and liquid at 
point of injection of the liquid into the 


the 
gas in meters/second. 


Q4/Qz= volume flow rate of gas/volume flow rate 


of liquid. 
p=liquid density in g./ml. 
u=liquid viscosity in poises. 
o=liquid surface tension, in dynes/cm. 
This equation holds strictly only for 
atomization in a cold air stream. For hot 
gases of different densities and viscosities, 





Fic. 2.—Exhaust generator installed and 
operating on a jeep. 


some adjustment must be made in the 
constants, but in the absence of complete 
information on these effects, the value cal- 
culated for the characteristic diameter is 
satisfactory for the purpose of rough de- 
sign. 

DESCRIPTION OF GENERATOR.—The ex- 
haust generator as finally adopted for the 
jeep is as simple a device as could be made 
for dispersing insecticide solutions from a 
motorized unit. A detailed drawing is 
shown in figure 1. It includes an insecti- 
cide reservoir, a control valve with indi- 
cating dial, a length of flexible hose, a sim- 
ple clamp cutout, and a sheet metal ven- 
turi nozzle which is clamped on the ex- 
haust pipe after the muffler has been re- 
moved. The venturi is mounted on the 
flexible tubing extension, which permits 
the generator to be pointed at any angle 
as required in different types of treat- 
ments. In the photograph, figure 2, the 
equipment is shown installed and in opera- 
tion. 
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ressed 
as the diameter in microns of a single drop 
with the same ratio of surface to 2 Oran 
as a representative sample of the drops in 
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EXPERIMENTAL.—The venturi exhaust 
principle has been successfully used by us 
for dispersing sprays and aerosols from 
aircraft and thus much of the usual pre- 
liminary experimentation was eliminated 
through information previously obtained. 
It was known that the exhaust gas veloc- 
ity in the throat of the venturi should 
vary from 800 to 1500 feet per second at 
the minimum and maximum power set- 
tings which might be used in treatments. 
In the case of the jeep generator, it was 
necessary to determine by experimenta- 
tion the venturi throat diameters which 
would produce these velocities without 
undue back pressure when spray solutions 
were fed at rates varying from 5 to 50 gal- 
lons per hour with the engine operating at 
20 to 50 per cent of the rated power. In or- 
der to obtain this information, a jeep was 
equipped with instruments showing the 
engine speed, intake manifold pressure, 
exhaust manifold pressure, exhaust tem- 
perature, venturi throat pressure, gaso- 
line consumption and the flow rate of the 
spray solution. This experimental ar- 
rangement was used in making over 100 
tests on venturis having throad diameters 
of 0.75, 0.5, 0.465 and 0.375 inch. Table 1 
shows the performance of the generator 

for atomizing and dispersing an aerosol of 
heavy solvent in some of these tests. 

At the same time experiments were con- 
ducted to determine the most practical 


Table 1.—Performance of DDT aerosol gener- 
ator on exhaust of jeep. Venturi throat diameter 
0.5 inch; feed introduced by gravity flow through 
0.20 inch coaxial jet in venturi throat. 














Mass 
Exnavust Pres- MeEpIAN 
VENTURI suRE, INCHES D1aME- 
Enomne Exit MERcuRY Om TER OF 
Speepv, Dut., . Fiow, ArRosoL, 
R.P.M. IN. Dry Spraying G.P.H. MICRONS 
2980 1.5 1.8 2.1 1.4 15 
3275 1.5 3.0 3.5 2.7 15 
8275 0.80 3.2 4.1 6.1 45 
8250 0.84 4.9 6.1 5.3 40 
2800 0.84 2.9 3.9 3.7 35 
2800 0.80 3.3 4.3 7.2 45 
8275 0.80 5.5 6.9 7.7 20 
2800 0.72 3.4 4.6 7.0 50 
$250 0.72 5.9 7.1 RF 25 
2800 0.64 3.6 5.7 7.6 35 
3250 0.64 6.7 8.2 7.0 15 
2800 0.55 4.5 5.7 6.0 35 
$250 0.55 8.3 9.7 4.8 10 





method of injecting the spray liquid into 
the venturi throat.) Five types of liquid 
injection were studied: 
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1. a hollow cone spray nozzle with 
pump. 

2. a sharp-edge orifice in the wall of 
the venturi throat with gravity feed of 
the liquid. 

3. a tube extending radially into the 
throat of the venturi with liquid in- 
jected into the center of the throat 
through a hole in the tube wall on the 
downstream side, with gravity feed of 
the liquid. 

4. two open tubes extending radially 
0.0625 inch into throat with liquid in- 
jected radially, gravity feed. 

5. a coaxial tube injecting liquid 
downstream and parallel to the gas 
stream, gravity feed. 

After an extensive series of experiments 
the following conclusions were drawn: 

1. A venturi having a throat diame- 
ter of 0.4375 inch is the largest that 
would be suitable for the jeep. For con- 
tinuous operations at lower engine 
speeds, to avoid overheating the engine, 
a 0.375 inch diameter venturi throat is 
suitable. 

2. In order to avoid dribbling of the 
liquid from the end of the nozzle, the 
exit diameter of the venturi should be 
no greater than twice the diameter of 
the throat. 

3. The coaxial liquid feed tube dis- 
charging the liquid parallel to the gas 
stream is the best type of injection be- 
cause it permits high liquid flow rates 
with gravity feed even when the pres- 
sure at the throat of the venturi is 
above atmospheric. 

4. A simple clamp cutout should be 
provided and opened when the jeep 
is not being used for insecticide appli- 
cation. 

The choice between the two sizes of 
venturis with throat sections 0.4375 or 
0.375 inch in diameter should be made 
largely on the basis of the mechanical con- 
dition of the engine. An engine in good 
condition with no tendency to overheat 
will handle a 0.4375 inch diameter venturi 
to full advantage if run at a speed cor- 
responding to at least 6 miles per hour in 
low gear, low range. This minimum setting 
is equivalent to about 2200 r.p.m., or 38 
m.p.h. in high gear, high range. With the 
0.375 inch diameter venturi, the minimum 
operating speed is 5 m.p.h. in low gear, 
low range. This corresponds to an engine 





speed of 1900 r.p.m. The reduced speed 
will decrease engine wear but will also de- 
crease the capacity of the generator to 
atomize the liquid. Better results may be 
expected with either installation if the en- 
gine is operated at power settings above 
the minimum conditions stated. 

In operation there are two controls on 
the equipment as described which may be 
used to provide the drop sizes needed for 
most efficient dispersal of the insecticide 
solution: (1) the engine throttle, and (2) 
the valve on the insecticide line. For the 
largest drop sizes the valve on the solution 
line is opened so that the flow of solution 
is between 30 and 50 gallons per hour. The 
throttle is advanced until dripping at the 
exit of the venturi just ceases. Further ad- 
vance of the throttle will decrease the drop 
size of the spray. For the finest mists, or 
aerosols, the calibrated indicating dial on 
the valve on the insecticide line should be 
set to give 5 to 10 gallons per hour and the 
throttle advanced until the white smoke 
cloud just breaks away from the exit of 
the venturi. This setting produces the fin- 
est mist or aerosol obtainable. The mass 
median diameter of the drops under these 
conditions is 10 to 15 microns. 

Use or Jeep GEeNeRATOR.—In early 
tests at Orlando, Florida, the effectiveness 
of the exhaust aerosol was demonstrated 
by dispersing DDT solution at the door- 
way of a large 350,000 cubic foot gym- 
nasium. A dosage of 100 mg. of DDT per 
1000 cu. ft. was used. This required only a 
single blast from the exhaust lasting 15 
seconds. Complete penetration of the 
building was demonstrated by 100 per 
cent kill of flies and mosquitoes in station- 
ary and waved cages exposed for 5 min- 
utes in the balconies and remote corners of 
the building. 

This test was followed by use of the jeep 
unit for the control of mosquitoes at vari- 
ous military installations in Florida. At 
one airfield, the unit was used for treating 
hangars, guard houses and outdoor work 
racks. One or two treatments were ap- 
plied each night for these areas to provide 
complete relief of personnel from annoy- 
ance by mosquitoes. Indoor dispersal was 
usually carried on until the aerosol could 
be seen leaving through the windows and 
ventilators. Community picnic grounds, 
outdoor theaters, mess halls and post ex- 
changes were also treated. 








656 


The exhaust generator was tested ex- 
tensively on the Pacific Islands near the 
end of the war, and has been used with suc- 
cess since the war, both in this country and 
abroad, for the control of flies and mos- 
quitoes in a variety of situations. A dis- 
persal rate of 5 gallons per hour is usually 
recommended for 5 per cent solutions of 
DDT in kerosene. Concentrated solutions 


Fic. 3.—Exhaust generator and spray reservoir 
installed on Taylorcraft airplane. 


containing 20 per cent DDT in aromatic 


solvents have been used at lower dispersal 
rates. In treating dairy barns and lots, 
twice weekly applications for 2 weeks, fol- 
lowed by applications as often as neces- 
sary, probably not more than once every 
2 weeks, keep the fly population down toa 
tolerably low level. For outdoor use in 
open areas the aerosol is effective when 
carried by a moderately strong wind, but 
such conditions require higher dosages 
than a light breeze which is most favora- 
ble for dispersal. For penetration through 
heavy vegetation, dispersal in a strong 
breeze appears to be best. 

Tests were also made with the jeep unit 
for larvicide application to roadside 
marshes, ponds, and pools around build- 
ings. In order to obtain sufficient surface 
deposits, the coarser sprays were found to 
be more satisfactory for general larvicidal 
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purposes than the aerosol, especially if 
there was a definite wind to carry the drop- 
lets. Satisfactory results may be expected 
100 to 200 feet downwind under almost 
any condition of operation. 

The jeep unit has recently been success- 
fully used as a substitute for conventional 
sprayers in the control of the grasshop- 
pers Melanoplus differentialis and M. 
femur-rubrum attacking various types of 
crops in Illinois. Concentrated emulsions 
and solutions were applied in 20 to 30 foot 
swaths at the rate of 3 gallons per acre. In 
this work the flow rate and power setting 
were adjusted to produce a spray with a 
mass median diameter of approximately 
50 microns. The jeep was driven at 3 miles 
per hour. 

INSTALLATION ON OtHER Moror VE- 
HICLES.—The generator may also be used 
on other types of motor vehicles powered 
by internal combustion engines, provided 
that the dimensions of the venturi are ad- 
justed to the rate of flow of the exhaust 
gases and the cooling system is adequate 
at the high engine speeds necessary for 
applying the insecticides. Use of the 
generator on modern cars and light trucks 
has not been too successful because of 
overheating of the engine but several units 
have been installed on heavy trucks and 
on small boat engines and used without 
difficulty in this respect. Table 2 shows 
the dimensions of the venturi recom- 
mended for gasoline engines of various 
horsepowers. 

INSTALLATIONS ON AIRPLANES.—Suc- 
cessful application of the venturi atomizer 
has also been made to the dispersal of in- 
secticide solutions from light aircraft. Fig- 
ure 3 shows the equipment installed on a 
Taylorcraft plane with a 65 h.p. Conti- 
nental engine. A 24-gallon removable seat 
tank was used for storage of the insecticide 
solution. The venturi had a 0.875 inch 
diameter throat which produced a back 
pressure on the exhaust of 5.5 inches of 


Table 2.—Dimensions of exhaust aerosol generators for various size engines. 








DIMENSIONS OF GENERATOR 


Liquip Rates 


S1zE OF GAL./HR. 





GASOLINE 
CONSUMPTION, 
GAL./HR. 


RatTep 
ENGINE, 
H.P. 


Throat, 
Dia., in. 


Exit, 
Dia., in. 





Feed Jet, Freep Ling, 


Dia., in. Duta., IN. Aerosol Spray 





0.687 
0.875 
1.25 
3.75 


0.437 
0.625 
0.687 
0.937 


40— 60 
60— 90 
90-120 
120-175 


lto 3 
Sto 4 
4to 6 
6 to 10 


30-60 

60-80 

80-100 
100-150 


8-15 
15-20 
20-25 
25-35 


0.2 
0.25 
0.31 
0.375 
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Fic. 4.—Exhaust generator in operation on plane. 


mercury at full power and decreased the 
top speed of the plane about 5 m.p.h. A 
cruising speed of 90 m.p.h. with the engine 
at 2100 r.p.m. was found to be most prac- 
tical for spraying. The back pressure on 
the exhaust while spraying was 4.4 inches 
of mercury. For air temperatures below 
80°F. the temperature of the lubricating 
oil in the engine rose only slightly above 
normal when the plane was used for sev- 
eral hours under these conditions. The 
unit had an output of 100 gallons per hour 
for producing large droplets and 45 gal- 
lons per hour for dispersing insecticidal 
aerosol. Figure 4 shows the plane in opera- 
tion dispersing DDT solutions. Table 3 
shows the performance of the unit whe 
dispersing a heavy solvent oil. Drop size 
data were not taken on these tests. 
Swath widths from the Taylorcraft aer- 
osol generator vary with the crosswind 
velocity, the height of release, and, to 
some extent with the average droplet size. 


When spraying at an altitude of 20 feet 
with a cross wind velocity of 7 to 10 
m.p.h., the swath width is 60 yards with 
85 per cent of the material deposited in a 
swath 30 yards wide. For other altitudes 
and wind velocities the swath width will 
change proportionally. These figures hold 
for the sprays produced at discharge rates 
over 75 gallons per hour. For aerosols dis- 
persed at discharge rates under 60 gallons 
per hour the swaths are somewhat wider. 
Table 4 shows the swath widths required 
for different dosages and concentrations 
of solutions. In general, these are less than 
the actual swath widths so that overlap- 
ping will be required. 

On light airplanes the downwash is 
small and aerosol applications produce 
low dosages dependent entirely on the pre- 
vailing meteorological conditions. Success 
ful use of this type of equipment for the 
control of mosquitoes over large areas of 
swamp land has already been reported 
(Krusé & Metcalf 1946). 


Table 3.—Performance of Taylorcraft exhaust aerosol generator dispersing DDT solution. 








LiquiIp 
JET On IN. 


‘’acUUM AT THROAT, 
Hg 


Exuaust Pres- 
SURE, IN. Hg 





LA.S., Dra., Frow, 
M.P.H. IN. GAL./HR. Dry 


Spraying Dry 


Spraying ReMARKS 





110 — _— 


60 : 60 
85 ; 64 
95 ‘ 83 
70 A 

85 . 87 
95 , 91 


Full throttle with- 
out generator 
}” dia. venturi 
; ia. venturi 
. venturi 
ia. venturi 
. venturi 
ia. venturi 
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Similar installations were made on large 
military planes during the war. These 
gave excellent results in the control of 
mosquitoes when used for dispersing DDT 
solutions over heavily forested jungles 
where the downdraft forced the small 


Table 4.—Swath width-area dosages from 
Taylorcraft aerosol generator.' I.A.S., 90 m.p.h.; 
2100 r.p.m.; Discharge Rate, 90 gal./hr. except 
for a solution where 60 Ph is recom- 
mended. 








Swatu Wiots, Feet 


20% 
Solution 





DDT 
Dosacg, 5% 
LBs./ACRE Solution 


10% 
Solution 





41 82 110 
21 41 55 
8 16 22 
+ 8 11 





1 The actual swath widths may be much greater than the fig- 
ures shown so that overlapping will be necessary. 
aerosol droplets to penetrate the thickest 
vegetation. 

SumMary.—The need for simple, ef- 
ficient equipment to disperse insecticides 
for mosquito control during the war led 
to the development of an exhaust aerosol 


or spray generator which could be used 
on readily available motor vehicles. The 
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equipment consists of an insecticide reser- 
voir, a control valve with indicating dial, 
a length of flexible hose, a simple clamp 
cutout and a sheetmetal venturi nozzle 
which is clamped on the exhaust stack of 
the engine. Insecticide solutions and 
emulsions made up in both high and low 
boiling solvents have been successfully 
applied with the equipment. The principle 
uses of the equipment up to the present 
time have been for fly and mosquito con- 
trol with DDT solutions around public 
gathering places, drainage ditches, 
swamps, dairies, airplane hangars, audi- 
toriums, and barracks. A detailed descrip- 
tion is given of the equipment, its installa- 
tion and the method of operating it when 
installed on the jeep. A similar device in- 
stalled on the exhaust of light airplanes is 
also described. Suggestions are made on 
the usefulness of these devices for dispers- 
ing insecticides for the control of other 
insects, including agricultural pests.! 

1 Acknowledgement.—The assistance of Dr. Robert L. LeTour- 
neau and Mr. Henry F. Hrubecky in assessing the distribution 
and drop sizes in the exhaust generated aerosols is gratefully 
necnoweiaee. The Orlando Ecbenhery of the Bureau of Ento- 
mology and Plant Quarantine, U.S. Department of Agriculture, 
carried out some of the tests on beveling with the “jeep” gen- 
erator. Helpful suggestions were also made by members of the 
staff of the Health and Safety Division, Tennessee Valley 


Authority and by personnel of the Bureau of Medicine and 
Surgery, U.S. Navy. 
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New FIeE.p STATION IN TEXAS 


I am wondering if it would be of interest to the 
readers of the Journat to know that the Dallas, 
Menard and Uvalde, Texas stations will all be 
closed within a month and consolidated in one large 
new station at Kerrville, Texas. Some of our per- 
sonnel has already been transferred to Kerrville and 
the balance will be transferred shortly. We hope to 
complete the consolidation by approximately Janu- 
ary 15. In addition to the personnel at the three old 
Texas stations mentioned above we have added 
additional personnel from our Orlando, Florida 
station. Our staff at the new Kerrville station will 


include approximately 20 Entomologists and as- 
sistants and our work will be devoted almost en- 
tirely to external parasites of livestock. 

The new station, all of which is now being built, 
will consist of one Administration Building, ten 
laboratory buildings, a shop and garage and other 
minor buildings, located on 1200 acres of ranch land 
of Highway 16, approximately five miles from the 
City of Kerrville. The City of Kerrville is located 65 
miles northwest of San Antonio, Texas, in the 
“heart of the hills” in the midst of a diversified live- 
stock area. E. W. Laakg. 
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Airplane Spraying Apparatus for 
Mosquito Control 


Haro.p R. Yust! 


An apparatus for small airplanes which will give 
a fine spray deposit over a relatively wide swath is 
required in the application of DDT-oil solutions in 
and about military camps for the control of mos- 
quitoes. For efficient control the apparatus should 
produce particles of a size effective against larvae 
and adults. A maximum number of droplets for a 
given volume is desirable for adequate coverage and 
yet the particles must be sufficiently large to settle 
rapidly even in a light breeze. 

An effective device was developed by the writer 
while on duty with the United States Navy which 
gives a deposit of 100 or more droplets per square 
inch with an application rate of two quarts per acre 
and produces an excellent kill of larval and adult 
mosquitoes. The main feature of the apparatus is a 
spray rod and a one-piece dispersing device having 
the functions of a breaker strip, wind scoop and 
“drag” bar. The installation also includes an in- 
secticide tank, pump, shut-off valve, connecting 
hose, and electrical facilities and connections for 
operating the pump. The equipment was installed 
on several OY-1 United States Navy airplanes, 





Direction of flight 


SCIENTIFIC NOTES 





> 
B ~-—-—--- Spray pipe 
C\ —------ Spray outlet 
ae 6 dc anameew Dispersing device 


Fic. 1.—Cross section of spray pipe and the dis- 
persing device having the functions of a wind scoop 
(A), breaker strip (B) and “drag” bar (C). 


The DDT-oil solution is discharged under a pres- 
sure of approximately 50 pounds per square inch 
through a three-fourths inch (I.D.) pipe 10 feet long. 
The pipe is attached 8 inches below the fuselage 
directly behind the landing gear and extends on 
either side of the cockpit. The pipe is secured in the 
middle to the fuselage by two brackets and on the 
outer ends by struts attached to the wing supports. 
The insecticide is emitted from five holes on both 
ends of the pipe. The holes are 50 gauge (0.07 inches 
in diameter) and are 9 inches apart so that the solu- 
tion is discharged from the outer 3 feet on both ends. 
The holes are directly opposite the leading surface 
of the pipe during flight. Both ends of the pipe con- 
tain threaded caps to facilitate removal of particles 
which may clog the outlet holes. 

The dispersing device is made of 16 gauge sheet 
metal 2 inches wide (before moulding) and 42 inches 
long. It is moulded by bending a half inch of its 
entire length 45 degrees to produce the “drag” bar. 
The remaining sheet (1.5 inches) is moulded into an 
are in the opposite direction (Fig. 1). The devices 
are bolted to the spray pipe 0.25 inch from the out- 
let holes on both ends of the pipe. The are extends 
above the top of the pipe and serves as a wind scoop 


1 Lieutenant, H(S), USNR, Inactive. 
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during flight. The outlet holes are opposite the lower 
portion of the arc which serves as a breaker strip. 
During operation the fluid impact is just above the 
original 45-degree bend. When the streams of in- 
secticide strike the breaker strip some of the fluid 
is broken up into small particles. The function of the 
air scoop is to force the particles downward into 
the propeller wash. The remainder of the fluid is 
spread laterally over the half-inch “drag” bar by 
the air pressure on the flat surface and is dispersed 
in very small droplets as it leaves the trailing edge. 
The result is a continuous 42 inch spray on the outer 
ends of the pipe. Of course, additional dispersion 
occurs in the air slip. The device also greatly re- 
duces wetting of the fuselage and tail assembly 
with insecticide. 

. The above described dispersing device was 
superior to one consisting only of the are having the 
functions of a wind scoop and a breaker strip, or a 
device with only a flat breaker strip. 

A deposit of at least 100 droplets per square inch 
was obtained over a swath of 100 feet at the rate of 
2 quarts per acre. In practice, the most thorough 
coverage and the best control of mosquitoes was 
obtained by applying 5 per cent DDT in fuel oil at 
the rate of 1 quart per acre in one run and making a 
second trip over the area to double the rate of appli- 
cation.—4-4-46. 








Control of the Sticktight Flea on 
Chickens 


RicwarD, B. Eaps, Bureau of Laboratories, Texas 
State Department of Health, Austin, Texas 


The observations of Davis (1945) as to the ease 
with which the tropical rat flea, Xenopsylla cheopis 
(Rothschild), is controlled with DDT have been 
amply verified in subsequent typhus control pro- 
grams by the United States Public Health Service, 
and at least two State Health Departments. In 
connection with DDT dusting of rat runs in a murine 
typhus investigation program being conducted in 
Lavaca County, Texas, there has been an excellent 
opportunity to make field tests on the control of the 
sticktight flea, Echidnophaga gallinacea (Westwood), 
on chickens. 

Lavaca County is in the center of a chicken rais- 
ing section, and it has been noted that a large per- 
centage of the chicken farms are infested to varying 
degrees with Echidnophaga gallinacea. This flea 
frequently becomes of considerable economic im- 
portance, and in the past adequate control has been 
difficult to attain. 

One objective of the Lavaca County typhus in- 
vestigation program has been to study the efficiency 
of dusting rat runs with 10 per cent DDT dust in 
reducing the numbers of fleas and other ectopara- 
sites. The runs are generally located in the barns 
where hay and feed is stored, and are not found in 
the hen houses. Although the hen houses are usually 
separate from the barns, as a favor to the farm 
owners it has been the practice to dust the hen 
houses as well as the barns in dusting operations 
whenever the number of fleas present warranted it. 

Such excellent results have been obtained that 
it is thought of sufficient interest to be reported. The 
Hl. C. Randow chicken farm near Hallettsville, 
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Texas, was comparable in many respect to the 20 
chicken houses that have been dusted at this writ- 
ing, and the results obtained there are typical of 
those noted on the other farms. 

The 175 chickens on the Randow farm were 
heavily infested with Echidnophaga gallinacea, and 
the one hen house which was used for both roosting 
and laying was very heavily infested with this flea. 
It was impossible to collect the eggs without becom- 
ing covered with fleas. Several nens were caught, 
and examined. The removal of 200 fleas from a typi- 
cally infested hen did not materially affect the total 
number parasitizing her. This severe infestation was 
resulting in a very unthrifty condition, with a 
resulting increase in consumption of feed, and de- 
crease in egg production. : 

The hen house was given a thorough application 
of 10 per cent DDT, the nests and roosts being 
liberally coated by means of a pint jar hand shaker, 
and the dirt floor of the roost and the walls dusted 
with a No. 766 Hudson hand duster. Approximately 
2 pints of 10 per cent DDT dust were applied to the 
hen house which was 40 by 25 feet. 

The day following the dusting, no sticktight fleas 
were in evidence in the hen house and the infesta- 
tion on the hens seemed to be reduced. Within a 
week the hens were free of fleas, and no reinfestation 
has appeared at this writing, a month after the 
iaiaant deindion. There was no corresponding flea 
population drop on surrounding farms which were 
undusted. 

Summary.—From the experiences in field control 
of the sticktight flea, Echidnophaga gallinacea, on 
chickens, it is apparent that a thorough coating of 
the nests, roosts, and floors of the chicken houses 
with 10 per cent DDT dust will control the fleas, 
both free in the house and on the chickens them- 
selves. It does not appear necessary to dust the 
chickens directly.—8-21-46. 
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Injury to Fruit of Plums Caused by 
Dicerca horni 


Norman W. Frazier, California Agricultural 
Experiment Station, Berkeley 


The flat-headed borer, Dicera horni Crotch has 
been reported (Keen 1938) to be one of the species of 
dicerca beetles most frequently found breeding in 
the wood of forest trees in the western states. The 
larvae mine wood of dead spots on living trees as 
well as the wood of dead and dying trees (Doane 
et al., 1936). The species occurs in a great variety 
of broad leaved forest trees and shrubs as well as 
in fruit trees, including cherry, peach, prune and 
plum (Essig 1926). 

Although Dicerca horni is well-known to be de- 
structive in its larval stages, a type of injury caused 
by the adult beetles was observed during late April 
and early May, 1946, which apparently has not 
heretofore been recorded. 

Thinning crews working in plum orchards in a 
number of localities in Tulare County, California, 
observed and called attention to the fact that adult 
beetles were girdling the stems of immature plums, 
which caused the fruit to drop from the tree. Numer- 
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ous such girdled and fallen fruits could be found on 
the ground. However, since most of the injury was 
sustained during the period when hand thinning was 
being carried on, little or no real loss resulted. The 
adult beetles were common but not abundant. Grow- 
ers who were questioned stated tliat they had no 
previous knowledge of the insect or type of injury, 
which would indicate that for unknown reasons, the 
pulation of Dicerca horni this year was unusually 
igh in the Tulare County plum orchards, suffi- 
ciently so to attract attention and cause some con- 
cern among growers for the first time. 

This species has not assumed sufficient economic 
importance on other hosts to warrant the develop- 
ment of specific control measures. It is probable that 
orchard sanitation and other general preventive 
measures as recommended by Essig, 1926, for con- 
trol of other flat-headed borers would be useful 
against Dicerca horni should the need arise.—8-20-46 
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Rearing Body Lice on Rabbits’ 


G. H. Cuupepper, U.S.D.A., Agr. Res. Adm., Bu- 
reau of Entomology and Plant Quarantine 


A colony of the body louse, Pediculus humaius 
corporis Deg., has been maintained for 4 years at 
the Orlando, Fla., laboratory of the Bureau of En- 
tomology and Plant Quarantine. The lice are kept 
in an incubator and fed twice daily on human 
hosts. 

According to the literature, body lice have sur- 
vived for 2 generations when fed on rabbits, but such 
colonies did not thrive. Recently, attempts have 
been made to rear lice from the Orlando colony by 
feeding them on rabbits. 

Lice have been maintained successfully through 
six generations when fed twice daily on the shaved 
belly of a rabbit. Preliminary observations made on 
the third, fourth, and fifth generations indicate that 
the rabbit-fed lice live as long, reproduce as well, 
develop as rapidly, and are about as resistant to 
insecticides as are those fed on man. It may be that 
the Orlando colony, through 4 years of inbreeding, 
is adapted to laboratory rearing. Observations will 
be made using new stocks of lice collected from 
vagrants. 

Detailed studies are being made with lice fed on 
several rabbits, since preliminary observations in- 
dicate that there is considerable variation among 
rabbits as suitable hosts. 

Since lice from the Orlando stock, when fed on 
suitable rabbit hosts, can be maintained as a thriving 
colony, it is hoped that a technique may be de- 
veloped whereby any entomological laboratory can 
maintain a colony of body lice using rabbits as 
hosts.—6-28-46. 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the 
Office of Scientific Research and Development and from the 
Office of the Swen General, U. S. Army, to the Bureau of 
Entomology and Plant Quarantine. 
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DDT to Control the Green 
Peach Aphis’ : 


J. H. Newton and Geo. M. List, 
Colorado Experiment Station, 
Fort Collins 


In the spring of 1945 the writes noted that the 
Winesap apple trees that had received 9 applications 
of DDT during the 1944 season for wollen moth 
control showed little injury from rosy apple aphid, 
Anuraphis roseus (Baker), in comparison with trees 
that had been sprayed with arsenate of lead. The 
calyx and first two cover applications for codling 
moth control carried 0.4 pound of actual DDT to 
100 gallons of water and the other applications 
carried 0.6 pound to 100 gallons of water. The last 
application was made August 12 and 13. The DDT 
used was a dry wettable powder of 40 per cent DDT 
content. By count the trees sprayed with arsenate 
of lead were found to have 42 per cent of the fruit 
spurs infested, while only 3 per cent were infested on 
DDT-sprayed trees. Steiner (1944) called attention 
to a similar condition in his codling moth experi- 
mental plots at Vincennes, Indiana. As a follow-up 
to this lead, parts of $ peach orchards were sprayed 
September 26, 1945, with DDT (0.8 pound to 100 
gallons of water) to determine whether similar re- 
sults might be obtained with the green peach aphid, 
Myzus persicae (Sulzer). The result of counts made 
in the orchards March 28, 1946, are given in table 1. 


Table 1.—A record of Myzus persicae (Sulzer) 
on sprayed and unsprayed peach trees, Palisade, 
Colorado, March 28, 1946. Two hundred buds 
examined in each sample. 








Apuips Founp 





In- 
Festep Stem 
Orcuarp NuMBER Bups Mothers Young Total 


. Old trees sprayed 8 6 9 15 





oe 


1. Old trees unsprayed 121 1381 210 341 
1. Young trees sprayed 7 8 2 10 
1. Young trees unsprayed 116 223 83 306 
2. Sprayed 6 6 0 6 
2. Unsprayed 19 21 1 22 
3. Sprayed 1 1 0 1 
38. Cnaged 2 2 0 2 
Total on treated buds 17 21 11 32 
Total on untreated buds 258 377 294 671 
Per cent reduction 93.41 94.42 96.26 95.23 





The records were taken by selecting 10 twigs at 
random from each of 10 trees in a plot and recording 
the plant lice on two buds selected at random from 
each twig. Thus 200 buds from each plot were 
examined. The examinations were made in the or- 
chard with a hand lens. It was thought that all eggs 
had hatched and, as the table shows, many stem- 
mothers were giving birth to young. A number of 
syrphus fly eggs were found but no predatory ac- 
tivity or parasitism was noted. In orchard 1, trees 
4 years old and trees approximately 15 years old 
were sprayed and an adequate check for each re- 


tained. Orchards 2 and $ consisted of full-bearing 
trees, 

It will be noted that on the 800 buds from the 
untreated trees there was a total of 377 stem moth- 


ip No. 218, Scientific Journal Series, Colorado Agricul- 
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ers, while the same number of buds from the treated 
trees carried only 21. This is a reduction of 94.4 
per cent due to treatment. Because of the difficulty 
in making an accurate count of hatched and shriv- 
eled eggs in the orchard, a representative sample of 
twigs was collected from the old trees in orchard 1 
on April 3 and counts were made in the laboratory 
by the use of a binocular on April 6. There were no 
aphids on 238 buds from the treated trees, while on 
231 buds from untreated trees there were 48 stem 
mothers, 18 first-generation young, and 46 hatched 
and shrivelled eggs. Four hus fly larvae on the 
untreated twigs had undoubtedly destroyed several 
aphids. The count of eggs was iaiemnek somewhat 
by the development of the buds and a loss of some 
bud scales. 

It is clear that the treatments prevented much egg 
laying. This may have been due either to a destruc- 
tion of the fall migrants or that of the sexual forms 
an from ae 

treatment for the green h aphis can be 
made successful it will have og Wn over 
spring treatment for Colorado peach growers. Fall 
weather and labor conditions are more favorable, 
water for spraying is available in irrigation ditches, 
and much fall feeding of the aphids is prevented. 
The latter is of major importance in view of recent 
findings of Daniels (1945) that the green peach aphid 
is a vector of peach mosaic virus.—7-18-46, 
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The Nature of the Venom of 
Formica exsectoides 


Frep Acres, Jr.,! Exizapeta E. Havitanp,? and 
H. L. Haier! 


The physiological action produced on the fingers 
by the venom of the ant Formica exsectoides Forel 
has recently been described by Haviland (1945). 
Contact of the venom with an abrasion produced a 
burning sensation similar to that ca by many 
acids. As a result of handling a large number of the 
ants during one day, and in spite of the hands hav- 
ing been rinsed in water at frequent intervals, the 
skin of the fingers became discolored and sloughed 
off after 6 days. The fingers ached severely for sev- 
eral hours and about 18 days were required for 
them to heal. Price (1945) stated that this ant 
ejected an oe secretion. 

Stumper (1922, 1923) investigated the venom of 
some ants and wo that several species of the 
subfamily Camponotinae produced only formic acid, 
while several species of the subfamilies Myrmicinae 
and Dolichoderinae produced no formic acid; in- 
stead, the venom appeared to consist of proteins. 

Since no previous chemical study appears to have 
been ae ce egos of Formica exsectoides, it 
was of interest to determine its nature, especially in 
view of its physiological action and because of the 
difference in the constitution of the venoms reported 
on by Stumper. 


1 baer Agr. Res. Adm., Bureau of Entomology and Plant 
* University of Maryland, College Park, Md. 
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The venom ejected by the excited workers has an 
acrid, penetrating odor similar to that of formic and 
acetic acids. Therefore, 389 living ants collected in 
February were anesthetized with ether vapor and 
ground in a mortar with a few milliliters of water. 
The total material was then steam-distilled com- 
pletely, and the volatile acid fraction was reduced 
to a small volume after having been neutralized 
with 58.29 ml. of N/10 sodium hydroxide. The resi- 
due was steam distilled according to the method of 
Hillig & Knudsen (1942) and the fractions were re- 
distilled. From a comparison of the distillation 
curves thus obtained with curves determined for 
ure formic and acetic acids, it was evident that 
ormic acid was the only volatile acid component 
of the venom of Formica exsectoides, and that it 
occurred to the extent of 0.68 mg. per ant. 
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Toxicity of Aromatic Esters of 
Benzenesulfonic Acid to 
Codling Moth Larvae 


E. H. Stecier and S. I. Gertier, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


In a study of organic compounds for their possible 
value against codling moth larvae, Carpocapsa po- 
monella (L.), a number of aromatic esters of ben- 
zenesulfonic acid were tested. 

All the esters were prepared by the reaction of 
benzenesulfonylchloride with various phenols by 
the Schotten-Baumann method. The reaction is 
shown by the following general equation, in which 
R represents the phenyl group, various substituted 
pheny! groups, or naphthyl groups: 


0 fy) 
| | 
S-CI+}HOR—< =—s-—»>-S-O0-R+ HC 


Benzenesulfonyl Phenol Ester 


chloride 


The toxicity tests were made with the apple-plug 
method, using approximately 100 plugs for each 
organic compound except (phenyl and o-tolyl esters 
of benzenesulfonic acid) with which 200 and 300 
plugs were employed and about 500 and 400 plugs, 
respectively, for the lead arsenate and check tests. 
A single ready-to-hatch codling moth egg was con- 
fined with each apple plug. 

All compounds were used at the rate of 4 pounds 
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Table 1.—Results of tests of some aromatic 
esters of benzenesulfonic acid against codling 
moth larvae. 











Per Cent or 
UGS 
Name or Compounp FormMuLA Wormy Stung 
Benzenesulfonic acid, 
p-chlorophenyl ester © CsHsSOsCsH.Cl 19 1 
Benzenesulfonic acid, 
pheny] ester C.H;SO,C.Hs 22 2 
Benzenesulfonic acid, 
o-tolyl ester. CcHsSOsCsH.CH; 45 3 
Benzenesulfonic acid, 
o-chloropheny] ester C.H;SO,C.H.Cl 54 0 
Benzenesulfonic acid, 
p-tolyl ester C.H,SO;C.H.CH; 81 0 


Benzenesulfonic acid, 
o-nitropheny! ester 


C.H,SO,C.H.NO: 81 
Benzenesulfonic acid, 


— 


pP- henylester CsHsSO,C.H.Br 81 
Benzenesulfonic acid, 
2,4-dinitropheny]l ester CsHsSO;CsHs(NO:): 86 
Benzenesulfonic acid, 
m-toly] ester C.H.SO,C.H.CH; 87 
nzenesulfonic acid, 
1-naphthyl ester C.H.SO:CwH; 89 
Benzenesulfonic acid, 
C.H,SO0,C.H.NO: 90 


m-nitropheny] ester 
Benzenesulfonic acid, 
p-tert-butylphenyl ester CsHsSOs;CsH.C(CH:); 9 


Benzenesulfonic acid, 
p-nitrophenyl ester C.H;SO;C;H.NO; 92 


nzenesulfonic acid, 


= 
xs se *® ou S&S hUmehlhUwS 


2-naphthy] ester. C.H;SO,CwH; 92 
nesulfonic acid, 

2,4,6-trichloropheny! 

ester C.HsSO;C,H:Cl; 93 
Benzenesulfonic acid, 

xeny! ester C.H,SO,C.H.C.H; 93 2 
Benzenesulfonic acid, 

4-tert-butyl-2 

pheny] ester CsH:SO,C.HsCIC(CH3): 94 0 
Lead arsenate PbHAsO, 64 12 
Check (untreated) _ 92 1 





to 100 gallons of carrier which consisted of ethanol 
(95 per cent) 20 per cent and water 80 per cent. 

In comparison with lead arsenate, the p-chloro- 
phenyl and phenyl esters of benzenesulfonic acid 
were considerably more toxic, the o-tolyl and o-chlo- 
ropheny] esters were somewhat more toxic, and the 
other esters were less toxic. 

It is of interest to point out the effect on toxicity 
of substituting chlorine in the phenyl group of the 
pheny] ester of benzenesulfonic acid. The substitu- 
tion of chlorine in the para position caused no change 
in toxicity, but the substitution in the ortho posi- 
tion decreased the toxicity. The substitution of ad- 
ditional atoms of chlorine, as in the 2,4,6-trichloro- 
phenyl ester of benzenesulfonic acid, still further 
reduced toxicity. 





DDT to Control Puerto Rican Mole 
Crickets 


W. G. Bruce, U.S.D.A., Agri. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


The writer and several neighbors in a housing 
project in Savannah, Georgia, suffer¢d a consider- 
able loss of flower and vegetable plants in 1945 due 
to the Puerto Rican mole cricket, Scapteriscus 
vicinus Scudd. Most of the damage was to seedlings 
and young transplants, but some plant injury was 
in evidence throughout the spring and summer 
months. No contro] measures were used because the 
recommended poison baits might harm the tender 
plants. 





October 1946 


The mole crickets ap again in the spring 
of 1946 and in a very short time killed about half 
the seedlings and transplants in a flower garden of 
about 300 square feet. Extensive destruction was 
also observed in flower and vegetable gardens near- 
by. The activities of the crickets were confined 
chiefly to the nighttime, when it was difficult to 
observe and destroy them. By the end of April the 
damage was so severe as to necessitate some kind of 
control or abandonment of the garden. 

A DDT suspension containing 1.17 per cent of 
DDT (made by mixing 1 pound of 50 per cent wet- 
table powder with 5 gallons of water) was applied, 
with a sprinkling can, to the soil of the flower gar- 
den at the rate of 1 gallon per 100 square feet. Dam- 
age from mole crickets was immediately stopped. 
Apparently the DDT killed all the crickets in the 
cultivated soil. Each night, however, a few crickets 
would migrate from the adjacent lawn to the gar- 
den, burrow for a few inches, and then disappear. 
One week after the treatment the same suspension 
was applied to a 4-foot strip of lawn bordering the 
flower garden. This completely eliminated the mole 
crickets from the flower garden for the rest of the 
season. A flower garden about 20 feet from the 
treated garden continued to have a large number of 
mole crickets as indicated by the numerous burrows 
observed each day and by the loss of plants. 

A vegetable garden about 20 by 25 feet was heav- 
ily infested with the Puerto Rican mole cricket, and 
the young tomato transplants, string beans, peppers, 
cucumbers, and squash were severely damaged. A 
1.17-per cent DDT suspension was applied, with a 
sprinkling can, between the rows of plants, care be- 
ing taken to avoid getting it on the squash and cu- 
cumbers. The suspension was also applied to a strip 
of lawn about 4 feet wide adjacent to the garden. The 
dosage was approximately 1 gallon per 100 square 
feet. A little mole cricket activity was noted for 
about 2 days after treatment, but none thereafter 
for the rest of the season. 

There was no ill effect noted on any of the plants 
grown in the treated soil.—10-9-46. 





Control of the Red Harvester Ant with 
Velsicol 1068 


CuarLes H. Brett and W. C. Ruoapss,! 
Oklahoma Agricultural Experiment Station, 
Stillwater 


The red harvester ant, Pogonomyrmex barbatus 
var. molefacians (Buck), is one of the major pests 
of fields, pastures, and yards in Oklahoma. Over a 
period of years tests have been made with many 
different insecticides in the study of its control. The 
old standards, calcium cyanide and carbon disul- 
fide, while effective, offer such dangers to the user 
that they have been recommended with hesitancy. 
Some success has been had in controlling these ants 
with a solution of paradichlorobenzene in carbon 
tetrachloride but such treatment has often required 
several re-applications. 

This paper reports results which were had using 
the new synthetics, Velsicol 1068 and hexachloro- 
cyclohexane. 

ProcepurE.—The campus of the Oklahoma A. 
and M. College and the various experimental pas- 
tures, dotted with hundreds of ant mounds, offered 


1 Respectively, Assistant entomologist and research assistant. 
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an ideal situation for the experiment. Large, well 
established colonies were selected. These were 
mapped ord. pete in blocks of four. Each colony 
was examined at the end of 1, 2, 4, 8, and 24 hours 
after treatment, then once each day during the first 
week and once each week for 8 weeks. 

Colonies were disturbed as little as possible. Solu- 
tions were poured into the mound openings slowly 
in order that they might drain into the tunnels. 
No coverings were placed over the mounds. Most of 
the colonies were treated during early morning 
hours. 

Table 1 shows the concentration and volume of 
technical 1068 solutions used in the test. Hexa- 
chlorocyclohexane was applied as a 1 and 2 per cent 
gamma isomer, water suspension. Treatments were 
made with 100 and 200 cc. of these preparations. A 
few mounds were ringed with the dust which con- 
tained 5 per cent gamma isomer. 

Resuuts.—Application of technical Velsicol 1068 
solution stimulated considerable activity in the ant 
colonies. Within an hour after treatment many of 
the insects twitched spasmodically even where the 
lowest concentrations were used. Numbers of ants 
were dead before the end of the second hour. 


Table 1.—The effectiveness of different con- 
centrations of technical Velsicol 1068 in controlling 
the red harvester ant. 








Numser or Cotonies Destroyep 
(Four Cotonies TREATED WITH 
Eacu CONCENTRATION) 





200 cc. solution 
per colony 


100 ce. solution 
per colony 


Diluent 
Carbon 
Tetra- 5 

chloride A 


0 
0 





CoNncEN- 
TRATION 
Tecr- 
NICAL 
1068 
Vou./Vou. 


Diluent 
Carbon 
Tetra- 
chloride 


0 
0 





o 
I 


95% 
Alcohol 


si 





i] 
o 


12H E ROS 
coucovona 

uw 
Fb OMeK OCS ry 
er ee CWOOCS 





Ants were not repelled from their tunnels. Incom- 
ing individuals entered them readily. An unusual 
aspect in comparing technical Velsicol 1068 with 
other materials was the large numbers of insects 
which died outside of the nest. The area around a 
mound within about an 8-foot radius became lit- 
tered with the bodies of hundreds of ants. 

At the higher concentrations (2.5 to 5 per cent 
technicai Velsicol 1068) nests were destroyed within 
24 hours. There were no re-establishments of colo- 
nies in new places. 

Hexachlorocyclohexane suspension killed large 
numbers of ants at the time of application, but a re- 
pellent effect was evident. Parts of the colony set up 
new entrances, thus establishing @ or 3 new nests 
near the original one. Barriers of the dust containing 
5 per cent gamma isomer, which were placed around 
mounds, killed many of the ants which crossed them 
within the first 72 hours. During this time the bar- 
riers were repellent, causing numerous insects to 
turn away. After 72 hours, ants crossed the dust 
readily and showed no effects. None of the colonies 
treated with this dust were completely destroyed. 

Conciusions.—Solutions of technical Velsicol 
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1068 controlled the red harvester ant more effec- 
tively than any material which has yet been tested. 
Results of this experiment show that 100 cc. or more, 
depending upon the size of the colony, of a 2.5 to $ 
cent solution will destroy a nest within 24 hours. 
: ae seal been waar i a the Okla- 
oma Agricult riment Station by a general 
control program in which over 300 colonies in pas- 
tures and yards were destroyed by pouring one cup 
(about 200 cc.) of $ per cent Velsicol 1068 solution 
into the opening of each colony. Carbon tetrachlo- 
ide and 95 per cent alcohol were used as satisfactory 
solvents for the technical concentrate. Other dilu- 
ents such as petroleum oils or water suspensions have 
since been found to serve as well. 

The toxic effect of Velsicol 1068 on warm-blooded 
animals was not known. It was used cautiously dur- 
ing this experiment with no effect on the operators 
other than a slight irritation of the nose and eyes 
caused by fumes from the concentrate. 

He orocyclohexane killed large numbers of 
ants but did not destroy any colonies, apparently 
because of its repellent effect and its loss of toxicity 
after 72 hours. 





Control of Lygus Bugs with DDT as 
Related to Guayule Seed Production 


Van E. Romney, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Guayule, Parthenium argentatum Gray, tends to 
flower more or less continuously during the growing 
season if soil moisture is adequately maintained. 
Under such conditions new flowers continue to ap- 
pear, but the plants bloom more freely after irriga- 
tions, and irrigated areas in California have been 
found to provide environments conducive to the 
developments of successive generations of Lygus 


bugs. 

Hills & McKinney (1945) found that 5- and 10- 
per cent DDT dusts were very effective against 
Lygus bugs on seed beets under field conditions, and 
that the material did not injure the plants or the 
seed. Lieberman (1945) reported that 10-per cent 
DDT dust was effective against Lygus bugs on al- 
falfa seed, showing a residual effect for over a week 
and resulting in a higher quality of seed and in no 
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plant injury. Romney et al. (1945) showed that both 
5- and 2.5-per cent DDT dusts applied to field 
plots at an average rate of 33 to $4 pounds per acre 
reduced Lygus bugs and increased the viability of 
guayule seed 


During the 1945 season an experiment was con- 
ducted near Salinas, Calif., to determine the effect 
of DDT dust on the eed and quantity of guayule 
seed by treating field plots of variety “593” often 
enough to keep ag Tae of Lygus hesperus Knight 
comparatively low. The results of that field experi- 
ment are presented in this paper. 

Mertnops.—The experiment consisted of 12 
plots 44.5 feet square, 6 of which were treated with 
DDT dust and 6 were untreated checks. A 2.5-per 
cent DDT dust was made by diluting a commercial 
10-per cent dust with ca a pag The dust was ap- 
plied with a rotary hand duster at rates of 30 to 35 
pounds per acre. 

Lygus counts were made by means of a sampling 
cage, described by Hills (1983), with an added fea- 
ture consisting of a square semisplit canvas to be 
drawn around the base of the plant after the sampler 
was set over it. After removal of the adults that had 
accumulated around the celluloid lid of the cage, 
the plants were shaken briskly. This caused the 
nymphs to fall onto the canvas base, and thus 
facilitated the counting. Five plants taken at ran- 
dom were sampled from each plot. 

Five plants in the central part of each plot were 
tagged, and from them guayule seed was collected 
by hand as often as was necessary to prevent ex- 
cessive loss from shattering. It was obvious that a 
large part of the adult Lygus population was driven 
from the plants each time seed was collected, but the 
nymphs were not materially disturbed. The seed 
was cleaned by mechanical means. The percentage 
of filled seed was determined by ing 500 seeds 
from each plot sample. The mechanical thresher 
removed the seed husks, leaving the empty and the 
filled pericarps. These pericarps were poured into 
acetone, wherein the filled seeds settled to the bot- 
tom, while the empty ones floated. Benedict & Rob- 
inson (1946) showed that the filled-seed count ob- 
tained by the above-mentioned method averaged 
95 to 98 per cent viable. 

Resu.ts.—The 2.5-per cent DDT dust killed most 
of the Lygus adults and nymphs present at the time 
the applications were made, but there was little, 


Table 1.—Weight and percentage of filled guayule seed from 6 plots treated for control of Lygus 


bugs and from 6 untreated plots. 








UNTREATED PLots 


TREATED Pots 





Total weight 
of cleaned 
seed from 
30 plants 


Average 
weight of 
500 seeds 


Date or SEED 
COLLECTION, 
1945 


Total weight 
of cleaned 
seed from 
30 plants 


Average 
weight of 


500 seeds seed 





Grams Grams 

July 7 54.0 0.98 
30 53.8 .83 

August 24 78.9 .88 


September 1 50.5 .88 
8 26.7 77 


17 33.1 .62 
29 6.7 .56 


303.7 ae 











Grams Per Cent 
1.00 38.3 
.92 29.1 
40.3 
36.3 
46.6 
42.1 


Grams 
57.5 
59.2 
91.7 .98 
56.5 1.04 
51.9 1.02 
59.3 .88 
88.2 .85 








414.3 — 
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if any, residual effect shown against the nymphs 
that hatched after treatment. The problem of adult 
eT into the small plots also had to be con- 
sidered. 

Lygus counts made 4 days after the first applica- 
tion (May 28) showed no adults and 41 nymphs on 
30 plants sampled at random in the treated plots, 
as compared with 11 adults and 308 nymphs in the 
checks. Eleven days after the first treatment there 
were 6 adults and 151 nymphs in the treated plots, 
as compared with 16 adults and 514 nymphs in the 
untreated checks. 

The second application was made on June 11, 
and 5 days later there were 29 adults and 13 nymphs 
in the samples from the treated plots, as compared 
with 155 adults and 479 nymphs in the checks. 
Thirty-one days after the second treatment samples 
from the treated plots contained 118 adults and 
81 numphs, as compared with 150 adults and 173 
nymphs in the checks. 

The third application was made on July 12 to 
reduce the number of adults, most of which had 
shifted into the treated plots from adjacent guayule. 
Three days after the third treatment samples from 
the treated plots contained 18 adults and 1 nymph, 
and 11 days later samples from the same plots 
yielded 18 adults and 352 small nymphs. 

The fourth application was made on July 26 and 
4 days later there were no adults and 13 small 
nymphs in samples from the treated plots, as com- 
pared with 30 adults and 831 nymphs in the checks. 
‘Twenty-nine days after the fourth application there 
were 7 adults and 209 nymphs in the treated plots, 
as mpeer with 42 adults and 510 nymphs in the 
checks. 

By this time it was evident that the plants had 
stopped producing new flowers; so a fifth, and final, 
application was made on August 25 to reduce popu- 
lations in the treated plots. Three days later there 
were 2 adults and 4 nymphs in samples taken from 
the treated plots, as compared with 69 adults and 165 
nymphs in the checks. At this time in the treated 
plots there were obviously more flowers with a tend- 
ency to mature slowly than in the untreated plots. 

The quality of guayule seed was sustained at a 
high level by the DDT dust treatments. (See table 
1.) Seed from guayule variety “593” germinates 
only about 50 per cent under favorable conditions, 
owing to the reproductive peculiarities of the plant; 
therefore the filled-seed counts from the treated 
plots were high. The amount and quality of seed 
in the untreated piots decreased rapidly after the 
September 1 collection, while heavy production of 
high-quality seed was maintained in the treated 
plots. In the treated plots the weight of 500 seeds 
decreased on the last two collection dates, while the 
amount of filled seed remained high. This was due 
to the fact that smaller seeds were produced by the 
plants at that time. There was also a 26.8-per cent 
increase in the weight of cleaned seed taken from 
the treated plots over that from the check plots. 

SumMMaARY.—Five applications of 2.5-per cent 
DDT dust were made between May 28 and Septem- 
ber 28, 1945, to control two generations of Lygus 
hesperus Knight in guayule-seed plots near Salinas, 
Calif. The dust was applied with a rotary hand 
duster at the rate of 30 to 35 pounds per acre. 

The 2.5-per cent DDT dust killed most Lygus bugs 
present at the time applications were made, but it 
showed no residual effect on nymphs that hatched 
after application; therefore a second application was 
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required about 10 days later, to control a given 
population of the insect. These treatments effected 
an ave’ ed-seed count of 40.6 per cent in the 
treated plots, as compared with 14.3 per cent in the 
untreated plots. The treated plots also produced 26.8 
per cent more cleaned seed i weight than did the 
untreated checks. 
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Isopropyl Alcohol and Phenol Used in 
Entomological Microtechnique 


H. H. Kerrer, California State Department 
of Agriculture, Sacramento 


In the course of devising improvements for criti- 
cal preparation of certain insects for identification 
purposes, the following techniques proved to be 
practical. 

Materials for clearing, staining and mounting 
of scale insects and mealybugs are: 1, water in 
phenol solution; 2, lactic acid 85%; 3, NaOH pellets 
or flakes; 4, anhydrous isopropyl! alcohol; 5, basic 
fuchsin powder; 6, xylene; 7, glacial acetic acid; 8, 
balsam, clarite, or some non-crystalline transparent 
mounting medium soluble in xylene. 

The steps are: first, boil the insect in a mix of lac- 
tic acid and phenol sol until the whole body shows 
penetration and partial interior dissolving. (A cut 
in the side of the insect helps.) 

Second: transfer to, and boil the specimens in 
NaOH solution, pressing out the body contents 
gently. 

Third: transfer specimens to the phenol solution 
and boil until interior soft tissue has disappeared. 

Fourth: transfer to moderately strong basic fuchsin 
solution in isopropyl! alcohol. The specimens can be 
left for a while in this solution, although sufficient 
staining develops very quickly. 

Fifth: transfer specimens to xylene solution; 
there should be but a small quantity of this xylene 
in the bottom of a watch glass. Place the watch 
glass under the binoculars for observation, and care- 
fully drop isopropy! alcohol onto the specimens in 
xylene, for destaining to proper color intensity. If, 
after the addition of much isopropyl alcohol, the 
specimens still remain too dark (chitin should be 

uite light and sclerotin bright magenta), carefully 
phere in glacial acetic acid. 


Sixth: as the specimens become destained suffi- 
ciently transfer to straight xylene. 
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Seventh: transfer the specimens from xylene to 
the non-crystalline mounting medium on a slide. 

This procedure eleans out the inner tissue better 
in a number of cases than straight NaOH, and the 
xylene treatment of basic fuchsin gives a bright 
magenta color. When taken through glacial acetic 
and clove oil, fuchsin tends to be a distinctly duller 
purple. 

The addition of a small percentage of phenol to 
aphid preparatory media is a distinct advantage. A 
formula is: 


Lactic acid 85% 
Glacial acetic acid 
Phenol (melted) 
H,O 


20 parts 
4 parts 
4 parts 
2 parts 


Iodine crystals dissolved in this medium can be 
helpful, staining colorless specimens sufficiently to 
keep them from being lost. 

After heating in the above medium at 60°-80° C 
for several hours, gently squeeze the aphids to 
press out the dissolved interior. Then place them 
directly into phenol-xylene solution and so on into 
balsam. Or put directly into isopropyl alcohol fuch- 
sin staining solution, ete. 

There are very many varieties of so-called gum- 
chloral or chloral hydrate media. The one outlined 
below is temporary, as it will destroy the specimen 
after several days, but can serve as a “‘speed-mount” 
during identification of large numbers of specimens. 
Valuable insects are recoverable from this speed 
mount for permanent embedding in balsam, if not 


left too long. 


Gum Arabic 
Dextrose 1 gram 
Chloral hydrate 10 grams 

KI 15 gram 
Todine Small amount 
Glycerin 20 drops 

HC! 10% from the 


commercial solution 


1 gram 


18-20 drops 


Add sufficient iodine to make the solution quite 
dark. Place specimens directly in this medium and 
warm gently under the coverslip. 

Gum arabic (acacia gum) is the usual non-crystal- 
Jine transparent basis for water soluble media. While 
gum arabic is not a perfect substance for micro- 
technique, no water soluble synthetic polymer is 
very similar. Such water soluble plastics as polyvinyl 
alcohol are rubbery, and absorb a large quantity of 
solvent, which results in considerable changes in 
volume when drying. This rubbery condition is due 
partly to molecule type, and also to molecule length. 
If the polymerization of special batches of these 
plastics would be stopped while the molecules are 
still quite short, the resulting substances would be 
much more satisfactory for the microtechnique de- 
scribed above.—6-18-46. 





Unsatisfactory Control of Plum 
Curculio in Illinois with 
Dichloroethyl Ether 
S. C. CHanpter, Illinois Natural History Survey 
During the season of 1946, an attempt was made 


to duplicate under Illinois conditions the results, 


obtained in Georgia by Oliver I. Snapp with dichloro 
ethyl ether for control of the plum curculio. His 
publication, USDA Bureau of Entomology & Plant 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 39, No. 5 


Quarantine E-558, and articles in the JourNAL or 
Economic Enromo.ocy, as well as personal cor- 
respondence were used as guides. : 

Tests were carried on in two orchards—the Sauer 
orchard in the latitude of Carbondale, and the Bates 
orchard 60 miles north near Centralia. In the Sauer 
orchard, dichloro ethyl ether was emulsified with 
fish oil soap according to directions in E-558. In the 
Bates orchard, it was emulsified by the G. S. Rob- 
bins Co. of St. Louis and a 97 per cent stock deliv- 
ered to the orchard. 

First application was made to the ground in the 
Sauer on June 13, when most of the larvae 
had left the drop peaches; 800 gallons were applied 
to approximately 200 trees. It was begun June 11 in 
the Bates orchard. Several days were required for 
this as at least 75 acres were covered. The second 
application was started on June 21 in the Bates 
orchard, and on June 27 in the Sauer orchard. 
Dichloro ethy] ether at 1.5 per cent was used in the 
first application and 4.5 per cent in the second. The 
rate of application used by Snapp in Georgia (one 
gallon to six square yards of area under the spread 
of the branches) necessitated the use of approxi- 
mat ely four gallons per tree, which is a larger 
amount than the greatest suggested by Snapp and 
due to the greater size of trees in Illinois. 

In the Bates orchard, due to the heavy infesta- 
tion in 1945 and the outlook for a repetition in 1946, 
drops were picked up and removed over most of 
the “Shome orchard” leaving a small check which re- 
ceived no soil treatment or drop removal. This re- 
moval of wormy dropped peaches is rarely practiced 
in Illinois because it has not been considered eco- 
nomical. 

Data on control were obtained by two methods— 
jarring for adult curculios and making infestation 
counts at harvest. 

JARRING.—Jarring was done with two sheets 
pa ping ns 6 ft. by 9 ft. under each tree, making 
only one placing of the sheets even though the trees 
in many cases represented a larger area than the two 
sheets. In the Sauer orchard, regular jarring of 10 
trees was made at approximately weekly intervals 
from the shuck split stage (April $) and was con- 
tinued nearly to harvest. The spray blocks were 
arranged so that half of the 10 trees jarred each 
week fell in the part receiving two ground applica- 
tions of dichloro ethyl ether, and half in the un- 
treated area. Up to the time of spraying, there was 
very little difference between numbers jarred in each 
half. After treatment, 10 more trees were jarred— 
an additional 5 in the treated and 5 in the untreated. 
On July 2, five days after the second treatment, jar- 
ring was started in the two areas as just described. 
Numbers of plum curculios caught in the two areas 
are as follows: 


Sauer Orchard 
Plum curculios jarred from 10 trees 








UNTREATED 
AREA 


TREATED 
AREA 


DatE 
JARRED 


July 2 24 48 
July 8 51 60 
July 12 36 46 
July 19 9 5 
July 24 16 24 


Totals 1838 





136 
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Final infestation counts 
Sauer orchard! 
NuMBER 
or Wormy PER 
PLor PEACHES CENT 
No. ‘TREATMENT IN 500 ~=—INFESTED 





1 2 soil treatments 15 3.0 
3 late poison dusts 


3 no soil treatment 17 3.4 
3 late poison dusts 


no soil treatment 
no late poison dusts 


4 2soil treatments 50 10.0 
no late poison dusts 


5 1 early soil treatment $2 6.4 


3 late poison dusts 





In the Bates orchard, there was no background 
of jarring data; so exploratory jarring only was made 
once, July 18, 23 days after the second application. 
The orchard in which the drops were picked up was 
given only the first application. The other orchard 
received one application over all the area and two 
applications over parts of it. The following numbers 
of curculios were jarred in the several blocks: 











Bates Orchard 
Plum curculios jarred from 5 trees 

OrcHARD TREATMENT Juny 13 
Home Drops picked up, one 

early spray 9 
Home No treatment 17 
Hardroad Areal 

2 sprays 2 

1 spray + 
Hardroad Area? 

2 sprays 6 

1 spray 8 





There were two treated blocks; one receiving the 
first application only and one the two sprays. Two 
lead arsenate sprays and six dusts had been applied 
up to June 27, the time of the second soil applica- 
tion. Three more poison dusts were applied after 
that time up to harvest, July 31, except to a small 
area at one edge and including both the area which 
had received the two ground sprays and the check 
which had received none. Five hundred hes were 
examined in each of the five blocks. rds were 
kept by hundreds with fairly uniform numbers in 
each hundred. They are summarized as follows: 


lots significant at the 5 per cent level 
but not at the 1 per cent level. At 5 per cent level a difference of 
5.66 is necessary for significance. 


1 Differences between p 
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NuMBER 
or Wormy Perr 
T Peacnes CENT 
Orcnarp No. TREATMENT my 500 Wormy 
Home 1 no soil treatment 29 5.8 
no drops picked up 
Home 2 1 early soi! treatment 8 1.6 
drops picked up 
Hard road $3 @ soil treatments 9 1.8 
Hard road 4 1 soil treatment 7 1.4 









The entire Bates orchard received 4 poison sprays 
and 8 poison dusts up to July 1, and 2 poison dusts 
between then and harvest, August 7. Infestation 
counts were made in most of the same blocks which 
were jarred, and in the same locations. 

Discussion AND ConcLusions.—These data must 
be considered as a whole to arrive at right conclu- 
sions. Due to the heavy spray and dust p in 
both orchards, the level of infestation was brought 
down to a point where there could be some doubt as 
to the significance of infestation data in some cases. 
However, when the very little differences between 
treated and check in numbers of curculios jarred in 
the Sauer orchard are compared with the harvest 
data from Plots 1 and 2, there is considerable evi- 
dence that the two soil treatments of dichloro ethyl 
ether were of very little value. 

In the Bates orchard, the only absolute check was 
in the home orchard, which received only the one 
soil application; and there is no way of knowing how 
much of the reduction indicated by the jarring rec- 
ords (home orchard) and by the final infestation 
records (Plots 1 and 2) was due to picking up 
and how much to the one early soil application. The 
fact that neither the jarring in the Bates (hard road) 
orchard nor the final infestation counts show any 
appreciable differences between one and two soil 
applications when taken in conjunction with data 
from the Sauer orchard indicates that in this orchard 
also, the sag applications to the fruit were re- 
sponsible for most of the control of plum curculio. 

Since the control indicated by these Illinois data 


isso decidedly inferior to that obtained by Snapp in 
Georgia, it is ed that experimenters in other 
peach areas in this latitude and farther north test 


this control measure in their own sections. We have 
only two possible explanations. At the first applica- 
tion, there may havebeen a sufficient growth of grass 
and weeds so that enough of the material did not 
readily reach the ground. Correspondence with 
Snapp indicated that this was no factor in Georgia, 
but might be in Illinois. To make sure, I got the 
owners to disc the soil before the second application. 
The other possible explanation is tightness of soil. 
The Sauer orchard is located in the unglaciated area 
of the state, on a type of soil classed as fine sandy 
silt loam. The Bates orchard is located on soil typi- 
cal of most of southern Illinois north of Carbondale 
classed as gray silt loam on tight clay. It is just pos- 
sible that the material does not penetrate sufficiently 
well in either of these two types of soil.—10-1-46. 
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DDT Aerosols to Control Worms 
in Corn 


L. P. Drruan, College Park, Maryland 


Preliminary tests were conducted, during the 
summer of 1945, to determine the value of DDT 
liquefied gas aerosols in protecting sweet corn ears 
from Heliothis armigera (Hiibn.), Pyrausta nubilalis 
(Hiibn.), and Laphygma frugiperda (S. & A.). A 
knapsack type of dispenser (Fig. 1) equipped with 
six oil burner nozzles, three directed to each side, 
with the middle nozzles at the height of the average 
ear, was used for applying the aerosol. A low pressure 
oxygen tank was used for storage of the liquefied 
gas aerosol solution. All treatments were made with 
a 5 per cent aerosol containing in addition 50 per 
cent methyl chloride, 10 per cent Velsicol AR-60, 
and 35 per cent acetone. The treatments were ap- 
plied by walking between the rows at a rate of ap- 
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proximately 8 miles per hour. 






























































Fic. 1.—Aerosol dispenser designed and used for 
treating corn. The insecticide is applied by carrying 
the dispenser between corn rows. 


The first test was conducted on five plots of corn, 
which received the following treatments: Plot 1. 
Received three applications of aerosol, the first on 
August 14 when the ears were small and before silks 
began to appear; the second, on August 22 when silks 
were appearing; and the third on August 28 after 
all silks were out. Each treatment was applied by 
carrying the dispenser once through each inter-row 
space. Plot 2. Received applications of aerosol at 
the same time as Plot 1. The insecticide was ap- 
plied by carrying the dispenser through every other 
inter-row space. Plot 3. Treated in the same manner 
as Plot 1 except that only 1 application of aerosol 
was made, on August 28, when plants were in full 
silk. Plot 4. Insecticide applied as in Plot 2, but only 
one application on August 28. Plot 5. Untreated 
check. The crop was harvested on September 11 and 
the results are given in table 1. 
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Table 1.—Ear infestation in first test of aero- 
sols against lepidopterous larvae in sweet corn. 








Per Cent Ears 








INJURED By: 
Per 
CrEntT Fall 
Ears Ear Corn Army- Tora. 
PLor CLEAN Worm Borer worm Ears 
1 35.6 59.4 3.9 9 101 
2 9.9 79.7 9.0 1.3 222 
3 13.6 58.5 15.6 12,2 147 
+ 12.8 64.2 8.5 14.3 70 
5 12.6 61.5 4.4 21.4 182 





The second test was conducted on three plots of 
late sweet corn which had heavier infestations of all 
three species than the earlier corn. Plot 1. Received 
two applications, the first on August 31 when silks 
were first appearing and on September 4 after all 
the silks were out. The dispenser was carried through 
every other inter-row spice. Plot 2. Received treat- 
ments at the same time as plot 1 except that applica- 
tions were made by carrying the dispenser through 
every inter-row space. Plot 3. Untreated check. 


Table 2.—Infestation of ears in the second 
test with DDT aerosol against lepidopterous 
larvae in sweet corn. 








Per Cent Ears 
INFESTED BY: 





Fall 
Army- 
worm 


Tota. 
Ears 


Corn 
Borer 


Ear- 
worm 


Ears 
CLEAN 
















1 75.0 6.2 8.5 144 
2 25.2 71.2 2.1 1.4 139 
51.2 3.6 45.2 166 





The crop was harvested September 21 and thé 
results of total infestation of the ears is given in 
table 2. The fall armyworm infestation had become 
quite heavy on this later planting causing serious 
injury to the ears. Observations on the extent of this 
type of damage are therefore given for plots 2 and 
8 in table 8. 


Table 3.—Observations of the extent of shank 
or butt injury to corn ears by the fall armyworm 
on plots 2 and 3 of second test. 











Per Cent 
Per Cent’ witH Bort ToTaL 
witu No ENTRAN- NUMBER 
Piotr Bort Injury CES or Ears 
2 98.3 1.7! 120 
3 62.8 37.2 180 





1 One European corn borer larva and one armyworm larva. 


The 5 per cent DDT aerosol caused no serious 
plant injury. It was not effective against the corn 
earworm and the European corn borer, but greatly 
reduced the fall armyworm population, particularly 
in the ears. This greater effectiveness may be due to 
the habit of the fall armyworm of moving about more 
freely on the corn plant. The fall armyworm is the 
limiting factor in the production of fall sweet corn 
in southern Maryland and the effectiveness of DDT 
against it is therefore of particular interest.—7-6-46. 
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DDT Dusts and Sprays, and Bran 
Baits Containing Different Poisons, 
for Armyworm Control 


C. M. Packarp, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine! 


An outbreak of the armyworm, Cirphis unipuncta 
(Haw.), in Princess Anne County, Va., late in April 
1945 afforded an opportunity for a few experiments 
with DDT dusts and sprays, as well as with several 
bran baits containing an arsenical or fluorine com- 
pound as the poisonous ingredient. 

The DDT preparations used were as follows: 
Deets sentir 2 and 10 per cent - pr if ae 
pyrophyllite; 1 spray containing 2 pounds o' 
per 100 gallons of water, made from a commercially 
prepared water-dispersible powder; and 1 spray 
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Table 2.—Armyworm mortality following ap- 
plication of poison-bran baits to infested rye. 














QUANTITY 
Per 100 MortTA.ity 
PounpDs oF 
Poison Bran April 29 April 30 
Per Per 
Pounds Cent Cent 
Paris green 4 81 O+ 
Calcium arsenate 4 26 81 
Calcium arsenate 6 24 93 
Sodium fluosilicate 4 80 91 
Cryolite 6 18 38 
Check, untreated — 1 0 





Table 1.—Armyworm mortality and DDT residues following application of DDT dusts and 


sprays to infested rye. 






























Morra.ity DDT Resipvugs 
DDT DDT rrr Date 

PREPARATION ACRE APPLIED April 29 April 30 May 26 June 5 
Pounds Per Cent Per Cent P.p.m. P.p.m. 

2 per cent dust 0.9 Apr. 27 32 23 4.6 3.3 

10 per cent dust 4.5 27 &3 39 12.2 3.3 

Water spray 2.0 27 27 12 8.4 8.0 

Kerosene spray 30.0 29 - 8 _ _ 

Check, untreated _ a 1 4 PES pas 








containing 5 per cent of DDT in kerosene. These in- 
secticides were applied about 6 p.m. on April 27, 
by means of hand equipment, to heavily infested 
plots of tall, headed-out rye. Each dust or spray was 
applied once to a different plot about 37 feet square. 
One application of the DDT-kerosene spray was 
made to a 4- by $6-foot plot in the same field at 
1 p.m. on April 29. Mortality was determined by 
carefully examining the litter at the bases of the 
plants and the adjacent soil surface in several places 
on a plot until 100 worms had been found. The rates 
of application and the results are given in table 1. 
The results indicate that either the armyworm is 
not highly susceptible to DDT in dusts or sprays or 
the action of DDT on this insect is very slow. _ 

DDT residuesremaining on therye at harvest time 
are also shown in table 1. These were determined? 
from small bundles of entire plants, exclusive of 
crowns and roots, taken from the treated and the 
untreated plots. ‘ 

Five baits, each containing £5 pounds of wheat 
bran and a different a and moistened with 
water to make a crumbly mash, were broadcast by 
hand on single 1-acre plots between 5 and 6:30 P.M., 
on April 28. These plots were in the same field of 
heavily infested rye as the DDT-treated plots al- 
ready described. The poisons used and the results 
obtained are given in table 2. The method of deter- 
mining mortality in these plots was the same as that 
used in the plots treated with DDT. 

1 istance i experiments was given by L. W. 
pase ‘ento a "2 of Entom - Plant 


uarantine, H. G. Walker, entomologist, Virginia Truck - 
a Station, H. W. Ozlin, county agent of Princess 


County, Va., A. L, Curtis, assistant county agent of Princess 
Asos Cee and Elwood Land, on whose farm the experiments 








From the results of the bait experiments just de- 
scribed the following conclusions may be drawn: 
(1) Paris green is a very effective poison on army- 
worm bait; (2) calcium arsenate is an effective poison 
for the armyworm, but is considerably slower in 
action than paris green; (3) calcium arsenate at 
6 pounds per 100 pounds of bran is preferable to 
4; (4) sodium fluosilicate at 4 pounds per 100 
pounds of bran is about as effective as paris green 
used at the same rate; and (5) cryolite used at the 
rate of 6 pounds per 100 pounds of bran is compara- 
tively ineffective against the armyworm. 





Metastability and the Efficiency of 
Azobenzene as a Fumigant 


S.&. SuHarp, Iowa State College, Ames 


The observations of Blauvelt (1945) indicate a 
remarkable efficiency of azobenzene when used as 
a greenhouse fumigant for the red spider. His 
method of application was to paint the compound 
in the form of a paste on the greenhouse steam pipes, 
then turn on the steam to heat the pipes and so vola- 
tilize the substance. The present study was under- 
taken to determine the physical state of the vola- 
tilized azo ne when coming in contact with a 
surface, 

Glass slides, housefly wings, and alfalfa leaves 
were suspended at various levels in a bell jar sup- 
ported on a wooden platform. A crucible was fitted 
into a hole in the bottom of the platform, and meas- 
ured quantities of azobenzene volatilized into the 
chamber by moderate heating of the material in the 
crucible on an electric hot plate. 

The chamber was allowed to remain undisturbed 
for 5 minutes after volatilization was complete, then 
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the slides were removed for microscopic examination. 
It was found that the azobenzene formed on the 
slides in an even pattern of very finely divided drops, 
appearing, in low concentrations, like condensed 
water vapor. A similar condensation pattern was 
found on the fly wings and on the alfalfa leaves. 
Comparable results were obtained when the azo- 
benzene was volatilized in a 125 cu. ft. fumigation 
chamber. 

The droplets did not crystallize, but remained 
in the liquid state for a period of several hours, 
even though the slides were maintained at 40 to 
45 degrees below the freezing point (68°) of the azo- 
benzene. The finer drops slowly evaporated without 
crystallization; the larger drops finally crystallized. 
Azobenzene thus exhibits to an unusual degree the 
property of metastability, which may be defined 
as that state of existence illustrated by a fluid ca- 
pable of maintaining the liquid state below its freez- 
ing point. The metastability of azobenzene is indi- 
cated in the experiments of Friedlaender & Tam- 
mann (1897). 

It is suggested that the efficiency of azobenzene 
when used as a fumigant is due to its metastability. 
The fine, mist-like liquid particles of the compound 
settling out on the insects and the foliage offer 
maximum opportunity for contact with the cuticle 
and for subsequent penetration.—9-10-46. 
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Toxicity of Some Alpha Tolunitriles 
and Glycinonitriles to Codling 
Moth Larvae 


E. H. Sreeier and S. I. Gertier, U.S.D.A., 
Agr. Res. Adm., Bureau of E 
and Plant Quarantine 


The results of laboratory tests of certain alpha 
tolunitriles and glycinonitriles against larvae of the 
codling moth, Carpocapsa pomonella (L.), are given 
in this paper. 

The compounds were prepared under varied con- 
ditions by the condensation of an aldehyde and an 
amine with potassium cyanide. The general mae 
tion for the preparation of the tolunitriles ma 
illustrated by the following formulas, in aed Re R, 
represents the aryl portion of the aldehyde and R, 
the radical attached to or including the nitrogen 
of the amine. In preparing the glycinonitriles for- 
maldehyde was used, and therefore R; would be 
replaced by hydrogen. 





H OH 
| NaHSO; 
R,—_C=0+KCN ————R,—C 
CN 
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Table 1.—Toxicity of certain nitriles to codling 











moth larvae. 
Per Cent or 
Appue Piuas 
CompounD FormvULA Wormy Stung 
Tolylglycinonitrile CsH,«CH:NHCH:CN 16 1 
+ pena Sg 
l-a-tolunitrile = CH:(CH:)sNCHCNC,.H.OH 32 0 
ink 4 en 
N-Phenylglycinonitrile CsHsNHCH;:CN 67 2 
a-p-Bro 0-a- 
tolunitrile BrC.H.NHCHCNC.H, 73 0 
o # var g C.HsNHCHCNC.H, 78 0 
pote mys ycino- 
C.sH,OCH:NHCH:CN 81 0 
otha lephthyl- 
eo eae CicH:NHCHCNC.H; 86 0 
p-Methoxy-a-1-pipe 
idyl-e-tolunitrile CH,(CH,), NCHCNGH.OCH, 861 1 
a ee 
a-1-Piperidyl-a- 
tolunitrile CH:(CH:),NCHCNC.Hs 88 0 
“Wee amae i 
a-o-Anisidino-a- 
tolunitrile C.sH,OCH;NHCHCNC.H; 88 0 
a-p-Toluino-a- 
tolunitrile CsH.CHsNHCHCNC.H, 89 1 
Lead arsenate PbHAsO, 4322 «10 
Check (no treatment) — 912 0 





1 Average of 2 tests. 
2 Average of 3 tests. 


The toxicity tests were made in the laboratory 
pl the apple-plug method, using from 79 to 105 
to a test. Each plug was infested with a single 
y-to-hatch codling moth egg. The apple plugs 
were sprayed with the compounds at the rate of 4 
pounds to 100 gallons of 20 per cent ethanol. 

The results are given in table 1. N-p-tolylglycino- 
nitrile and o-hydroxy-alpha-(1-piperidyl)-alpha- 
tolunitrile were more toxic and the rest of the com- 
pounds were less toxic than lead arsenate. 

A small-scale foliage test of N-p-tolylglycinonitrile 
on a Stayman apple tree and an Elberta peach tree 
was made with a hand spray pump. No injury oc- 
curred on the apple foliage, but the peach foliage 
was severely damaged 





Insects Found on Guayule in 
Northern Mexico 


Van E. Romney, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


A survey was made of insects attacking native 
and cultivated guayule, Parthenium argentatum 
Gray, within its natural habitat in northern Mexico 
from June 14 to 23, 1945. 

Lloyd (1911) reported several insects attacking 
the shrub while a study was made of the plant at 
Cedros, Zacatecas, in 1907-8. He reported the root 
system to be infested with two scales, Ceroputo 
yuccae (Coq.) and Orthezia sp.; also a scale, Targionia 
dearnessi Ckll., was found on roots of field plants. 
The guayule borer, Pityophthorus nigricans Bland., 
was reported tunneling beneath the cortex of a 
harvested shrub. 

During the above-mentioned survey the follow- 
ing insects and conditions were encountered on 
native and cultivated guayule shrubs in Mexico: 

ScaLes.—Two root scales were found on the na- 
tive shrub. Targionia sp. (close to dearnessi Ckll.) 
was abundant at Rancho San Jose (10 miles east of 
Saltillo, Coahuila); this scale was also found 17} 
miles west and 35 miles northwest of Cedros, Zaca- 
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tecas, 3 miles north of Tecolote, Coahuila, and on 
baled shrub at the Parras and Torreon rubber mills. 
Targionia yuccarum (Ckll.) was very abundant 
on roots at Rancho San Jose, 22.5 and 35 miles 
northwest of Cedros, Zacatecas, and 10 niles north 
of Tecolote, Coahuila, and on baled shrubs at Ca- 
macho, Zacatecas. These two root scales were widely 
distributed and played an important role in stunting 
the plants that were heavily infested. Only a few 
cultivated plants were examined for root scales, 
and none were found on them. 

Two branch scales were also common on the na- 
tive shrub. Lecaniodiaspis sp. (probably a new spe- 
cies) was very abundant at Rancho San Jose. In 
this location about half the specimens contained 
parasite exit holes, but there were no parasites pres- 
ent at the time. This scale was found frequently 6 
miles west of Saltillo, Coahuila, 3 miles north of 
Tecolote, Coahuila, and on baled shrub from Nuevo 
Yucatan. T'achardiella cornuta (Ckll.) was noted at 
Rancho San Jose, 263 miles northwest of Cedros, 
Zacatecas, and on baled shrubs at the Cedros and 
Torreon rubber mills. These branch scales were 
abundant enough on certain branches to interfere 
= growth. None were found on cultivated gua- 
yule,. 

Beeties.—Adults and larvae of Pityophthorus 
mexicanus Blkm. were common in stored baled 
shrubs at the Torreon and Parras rubber mills. 
This species may be the same as nigricans Bland. 
as reported by Lloyd. Larvae of Urilleta sp. (Ano- 
biidae) were found tunneling the branch tissues of 
newly baled shrub at Torreon and Parras, Coahuila. 
Two buprestid larvae, Chalcophora sp. and Dicerca 
sp., were found burrowing in native baled shrubs at 
the Torreon rubber mill. 

Morus.—Larvae of Eucosma sp. (Olethreutidae) 
were found to bore down the roots of native shrubs. 
The larvae fed on the live root tissues and appar- 
ently weakened the plants attacked but did not kill 
them. This insect was common at Rancho San Jose 
and could be found occasionally at the Torreon mill 
in baled shrubs from Nuevo Yucatan. Larvae of a 
plume moth were common as leaf feeders. They 
were abundant at Cedros, Zacatecas, on cultivated 
shrubs and at points west on wild shrubs. 

Meatysucs.—A small dark-colored mealybug 
(Pseudococcini) was found reproducing in the 
growing tips of wild guayule shrubs and stunting 
their growth, The insect was found at Rancho San 
Jose and on baled native shrubs at the Torreon 
mill. Another species of mealybug was noted on the 
roots 10 miles north Tecolote, Coahuila, and at 
Rancho San Jose, but this insect was rare and speci- 
mens were not identified. 

GrassHopPrers.—Encoptolophus pallidus Brun., 
Platylactisca azteca Gurney (Sauss.) and Trachy- 
rhachys kiowa (Theo.) were collected from a plot of 
cultivated shrub near Monterrey, Nuevo Leon. 

Piant Buas.—Lygus bugs were rare on guayule 
flowers in Mexico during June 1945. A few speci- 
mens of Lygus oblineatus (Say) were found on nur- 
sery plants near Torreon, Coahuila. In the same 
location Polymerus basilis (Reuter) was abundant. 

LeAFrHopPrers.—Cloanthanus heldoranus (Ball) 
was common on both cultivated and native guayule 
in Mexico. Two species of Empoasca were common 
re garg plots at Parras, and Cartagena, Coa- 

uila. 

FPuicorin.—ystercpicrum sepuichraits Ball was 
reproducing on wild shrubs rather generally through- 
out the areas surveyed. 
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Identifications of the above-mentioned insects 
were made by Harold Morrison, W. H. Anderson, 
Carl Heinrich, H. K. Townes, R. I. Sailer, and J. S. 
Caldwell, all of the Division of Insect Identification 
of this Bureau. 
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Vegetable Weevil Parasites from 
South America and Their Coloni- 
zation in California 
Haroip Compsre, Riverside, California 


The importation from South America of parasites 
of the vegetable weevil, Listroderes obliquus Klug, 
and their colonization in California is a cooperative 
project of the Bureau of Entomology and Plant 
Quarantine, United States Department of Agricul- 
ture, and the University of California Citrus Ex- 
periment Station. The ites were collected in 
Argentina and Uruguay by Dr. H. L. Parker of the 
Bureau and colonized in California by the Univer- 
sity. Four species which attack the vegetable weevil 
in its larval stages have been released in California, 
namely, the dipterous parasite, Epiplagiops littoralis 
Blanchard, and the hymenopterous parasites, 
Porizon parkeri Blanchard, P. argentinensis Blan- 
chard and an identified species of Triaspis. 

The introduction of parasites of an insect such as 
the vegetable weevil from the southern to the north- 
ern hemisphere is complicated by several factors. 
The vegetable weevil has only one generation an- 
nually, and its life cycle is synchronized with the 
seasons of the year. During the greater part of its 
adult life the weevil is in a summer diapause. At the 
time when the weevil is in the summer diapause in 
the southern hemisphere, it is in the active adult, 
egg, larval and pupal stages in the northern hemi- 
sphere. Likewise, the life cycles of its hymenopterous 
parasites are synchronized with the seasons. The 
parasites were collected in Argentina and Uruguay 
in the late winter or early spring in the months of 
September and October. Several weeks after col- 
lection and shipment the parasites arrived in Cali- 
fornia. The great majority of them were in the 
beginning phases of the summer diapause. Septem- 
ber, October, and November mark the end of sum- 
mer and the beginning of winter in California, the 
time when the parasites should be coming out in- 
stead of entering the diapause. In California the 
vegetable weevils become active about the middle 
of October and commence to reproduce about the 
first of November and continue until late spring. 
The reproductive period ends about the latter part 
of April or early May. During this period, when the 
host insect in California is in its larval stages, the 
great majority of the enopterous parasites re- 
mained in the summer diapause. 

The two species of Porison which were introduced 
from South America are very closely related and are 
distinguished on the basis of a slight difference in 
color. Parker shipped to Riverside approximately 
12,587 cocoons and 73 adults of Porison. These 
arrived during October, November and December, 
during the years 1942 to 1945. From these cocoons 
approximately 800 Porizon issued during the winter 
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months in California when host larvae were avail- 
able. Before being released in the infested orchards 
and fields, the Porizon were mated and allowed to 
oviposit in a total of 3112 larvae under insectary 
conditions. A number of these (1271) were released 
in fields and orchards where food was abundant dur- 
ing the 1945-46 season. The remainder of the 
parasitized larvae were retained in an attempt to 
propagate another generation of parasites. 

Unlike the hymenopterous parasites which ar- 
rived in Riverside in a state of diapause, the dipter- 
ous parasites, Epiplagiops issued as adults en route 
or shortly after arrival. Parker shipped to Riverside 
approximately 2000 Epiplagiops either as adults or 
puparia. The greater number of these died before 
vegetable weevil larvae were obtainable in California 
in late November and early December. The flies 
which survived until December reproduced in the 
insectary when provided with host larvae. A total of 
7319 adult Epiplagiops were released in California 
where the vegetable weevil was most abundant. 
Each of the colonies released numbered from 30 to 
500 flies. The greatest number were liberated in 

and Los Angeles counties during the winter 
of 1943-44. In addition to the adult Epiplagiops 
which were released, the species was also colonized 
in the egg and larval stages. So far no recoveries of 
this species have been made. 

In the insectary at Riverside, Epiplagiops repro- 
duced generation after generation as long as larvae 
of the vegetable weevil were obtainable. The means 
by which this parasite survives during the summer 
months when all vegetable weevils are in the adult 
stage and immune to attack is not known. 

An unidentified species of Triaspis was received 
in limited numbers from Parker. A few Triaspis 
issued as adults enroute. These readily oviposited 
in larvae of the vegetable weevil. Dissections of 
larvae which had been attacked revealed the - 
site had deposited eggs and that these hatched and 
the larvae developed. At a later day an inspection 
revealed cocoons formed by the Triaspis larvae. The 
few cocoons that were formed contained dead pupae 
or prepupae. A small number of adult 7'riaspis were 
released in an infested orchard in Ventura County. 

Dr. H. L. Parker plans to publish on the biologies 
of the parasite mentioned in this note.—6-3-46. 





Comparative Toxicity of p,p’- and 
o,p’- DDT to Larvae of Anopheles 
quadrimaculatus 


Howarp A. Jonegs,! Harry H. Incuo,? and 
Curist1an C. Deontmr, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology 
and Plant Quarantine* 


The major impurity occuring in technical DDT is 
the o,p’-isomer (1-trichloro-2-(p-chlorophenyl)-2- 
(o-chlorophenyl)ethane) (Haller et al. 1945). C. C. 
Deonier and coworkers at the Orlando, Fia., labora- 
tory of the Bureau of Entomology and Plant Quar- 
antine have shown that 0,p’-DDT is less toxic than 


1 Now with the Unit of Entomological Research of Dodge & 
Olcott, Inc., Baltimore, Maryland. . 

® Sergeant, AUS, from Army Air Forces Committee 
on Aerial Dispersal of Insecticides, located at Army Air Forces 
Center, Orlando, Fla. 


This work was conducted under a transfer of funds, recom- 
mended by the Committee on from the 
Office of Scientific and Development, and from the 
Office of the Si General, U. S. Army, to the Bureau of 
Entomology and Plant Quarantine. 
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Table 1.—Comparative toxicity of ~,p’- and 
0,p’-DDT to fourth-instar larvae of Anopheles 
quadrimaculatus. (10 replications.) 











AVERAGE 
Per Cent 
Morta.ity 1N 
ConcEN- 
TRATION 24 48 
TREATMENT (p.p.m.) Hours Hours 

o,p'-DDT! .03 40.6 58.6 
-02 19.0 $4.8 

01 4.2 10.7 

005 1.0 3.5 

o,p'-DDT 75 per cent, p,p’-DDT .01 33.4 57.2 
25 per cent -0075 15.4 28.3 
-005 4.0 11.0 

0,p’-DDT 50 per cent, p,p’-DDT .01 71.5 84.5 
50 per cent 0075 51.2 63.8 
005 24.3 37.2 

0025 3.5 12.1 

o,p'-DDT 25 per cent, p,p’-DDT .01 85.0 89.0 
75 per cent 0075 69.6 80.8 
005 30.0 41.8 

‘ 2.0 3.9 

001252 0 3.4 

p.p’-DDT# 01 94.2 97.4 
-005 44.7 55.3 

0025 9.3 15.6 

- 00125 4.6 12.9 





- 1 Pure, synthetic compound furnished by S. J. Cristol, of this 
ureau. 

2 Average of 8 replications. 

3 Prepared from technical DDT by recrystallizing twice from 
ethy] alcohol. 


p,p'-DDT to fourth-instar larvae of Anopheles 
quadrimaculatus Say. Therefore, the comparative 
toxicity of these two isomers and mixtures of them 
has been of considerable interest. 

To determine the reduction in effectiveness of 
DDT when various proportions of the o0,p’-isomer 
are present, tests were made in which acetone-water 
suspensions of both o,p'-DDT and p,p’-DDT were 
compared with mixtures containing 25-75, 50-50, 
and 75-25 parts by weight of these two pure com- 
pounds. For each test 20 fourth-instar larvae of 
Anopheles quadrimaculatus were placed in a beaker 
containing 250 ml. of distilled water and the material 
to be tested. Observations of larval mortality after 
24 and 48 hours are shown in table 1. 
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Fia. 1.—Concentrations of o,p'-DDT and p,p'-DDT, 

and of several mixtures of these materials, required 

to give 50 per cent kill of fourth-instar larvae of 
Anopheles quadri: us. 
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The concentration of 0,p’-DDT or p,p’-DDT re- 
quired to give 50-per cent mortality in 48 hours was 
obtained graphically by plotting the various con- 
centrations of each material against the mortalities. 
For the mortalities near 50 per cent a practically 
straight line was obtained. The o,p'-DDT required 
a concentration of 0.0263 p.p.m. to give a 50-per 
cent kill, whereas the p,p’-DDT required only 0.0045 
p.p.m., indicating the latter to be about 6 times as 
toxic as the former. 

In figure 1 the concentration required to give 
50-per cent mortalityof Anopheles quadrimaculatus 
larvae in 48 hours has been plotted against the pro- 
portion of p,p’-DDT and o,p'-DDT in the materials 
tested. From this graph it is possible to determine 
for any mixture of the two pure materials the con- 
centration that will give 50-per cent mortality in 48 
hours. Technical DDT contains, in addition to 
o,p'-DDT, small amounts of a number of other 
substances (Haller et al. 1945), which also influence 
the toxicity of the product.—6-20-46. 
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Toxicity of Nicotine, Nornicotine, and 


Anabasine to Codling Moth Larvae 


E. H. Stecier and C, V. Bowen, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The close relationship of nornicotine and anaba- 
sine to nicotine in chemical structure and physio- 
logical behavior and their presence in species of 
Nicotiana make comparative toxicity tests against 
various insects desirable. Nornicotine occurs with 
nicotine in tobacco. Anabasine occurs in Nicotiana 
glauca, a plant that grows wild in the southwestern 
part of the United States, where it is commonly 
known as tree tobacco; it is also found in the Rus- 
sian plant Anabasis aphylla. Anabasine sulfate has 
been used commercially as an insecticide in Russia, 
and at intervals during the last 10 or 12 years small 
quantities have been imported into the United 
States. This commercial product also contains other 
alkaloids which occur in A. aphylla. Insecticides 
containing mixtures of nicotine and anabasine have 
also been imported from Russia. 

Richardson, et al. (1986) and Hansberry & Norton 
(1940) made toxicity studies of a number of alkaloids 
against Aphis rumicis L. 

Richardson et al., however, did not test /-beta- 
nornicotine, the isomeric form common to tobacco, 
but found anabasine to be the most toxic of the 
materials tested. Hansberry and Norton compared 
various isomeric nicotines and nornicotines and 
found the nornicotine common to tobacco to be more 
toxic than /-nicotine. 

Harman (1934) tested anabasine sulfate against 
the codling moth, Carpocapsa pomonella (L.), in an 
orchard of King apples. He used lead arsenate (3 
pounds per 100 gallons) in the first cover spray, 
followed by anabasine sulfate and oil (1 pint and 3 
quarts, respectively, per 100 gallons) in four subse- 
quent sprays. The same quantity of nicotine sulfate 
and oil was also tested in like manner. His data for 
wormy fruit show that the anabasine-oil treatment 
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was much less effective than nicotine-oil. Nevskii 
et al. (1937) reported both nicotine sulfate and anab- 
asine sulfate as ineffective against the codling 
moth when used alone, but as increasing the effec- 
poor of arsenical sprays to which they were 


Table 1.—Toxicity to codling moth larvae of 
nicotine, nornicotine, and anabasine in compari- 
son with DDT and lead arsenate. 








AppLe PLucs 





ComPpounD Wormy Stung 


Per cent 
Nicotine 6 
14 
26 
Av. 16 





Nornicotine 77 
85 

85 

Av. 83 


—am OO -oOoKwo 


Anabasine 71 
92 

93 

Av. 85 


DDT 40 
57 

59 

Av. 52 


=~ SO ee 


oe 
Sses 


Lead arsenate: 
Test 1 76 


Test 2 60 
65 

65 

Av. 63 


a 
a 


anon 


Check (no treatment) 89 
94 
Av. 92 


ooo 





The present study is concerned with the toxicity 
to codling moth larvae of aqueous solutions of the 
three alkaloids. After treatment of the nicotine with 
nitrous acid, and steam distillation of an alkaline 
solution to remove nornicotine and other secondary 
amines, an analysis (Bowen & Barthel 1943) was 
made in which it was found that the purification 
was complete. The nornicotine from low-nicotine 
tobacco was freed of nicotine, according to the 
method described by Smith (1942), and no test for 
an alkaloid was obtained in the steam distillate 
after nitrosation. The picrate melted at 190-191°C . 
and the alkaloid was methylated, forming nicotine. 
The anabasine was obtained from Nicotiana glauca 
Grah. and formed a picrate melting at 212-213° C. 
No alkaloids volatile with steam after nitrosation 
were present, and the alkaloid was methylated to 
methylanabasine, which formed a picrate melting at 
286-237° C, 

The alkaloids were tested in aqueous solution at a 
concentration of 0.05 per cent. A suspension of DDT 
(technical) at the same concentration, obtained by 
adding 4 parts of water to 1 part of an alcoholic 
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solution of DDT, was compared with the alkaloids. 
Lead arsenate (4 pounds per 100 gallons) was also 
used. In test 1 the carrier consisted of water 80 per 
cent plus ethanol (95 per cent) 20 per cent by vol- 
ume; in test 2, which consisted of 3 replicates, the 
carrier for lead arsenate was water. The toxicity 
tests were made by the apple-plug method, one 
ready-to-hatch codling moth egg being used for each 
plug. From 81 to 106 apple plugs were used in each 
test. 

The results of the tests are given in table 1. The 
most effective compound was nicotine, which was 
considerably more toxic than any of the others. 
The DDT suspension was next in effectiveness. 
Nornicotine and anabasine were still less effective 
and were about equal in their toxicities. Lead 
arsenate was better than nornicotine and anabasine, 
but not so good as DDT. In this connection, how- 
ever, it should he kept in mind that the dosage of 
lead arsenate was 10 times that of the other com- 
pounds tested.—8-16-46. 
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Toxicity of Aromatic Esters of p- 
Toluenesulfonic Acid to Codling 
Moth Larvae 


E. H. Stecier and §. I. Gertier, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


This paper presents the results obtained in labora- 
tory tests of certain aromatic esters of p-toluene- 
sulfonic acid — aan of the codling moth, 
Car a onella (L.). 

Sar atensl, p-toluenesulfonic acid were prepared 
by the reaction of p-toluenesulfonyl chloride with 
the appropriate phenols, making use of the Schotten- 
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Baumann method. The following equation is typical 
of the reaction: 


HC< > 


p-Toluenesulfony] chloride 


| 


eo +HOR 
Phenol 


rf 
Hc< > > Sorta 


§ 
Ester 


All tests were made by the apple-plug method 
(Siegler et al. 1934), about 100 plugs being used for 
each organic compound and 200 each for the lead 
arsenate and check tests. Each plug was infested 
with a single ready-to-hatch codling moth egg. 

The compounds were used at the rate of 4 pounds 
to 100 gallons of carrier, which consisted of ethanol 
(95 per cent) 20 per cent and water 80 per cent. 


Table 1.—Toxicity of some aromatic esters of 
p-toluenesulfonic acid to codling moth larvae. 
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The results, which are given in table 1, show that 
these esters of p-toluenesulfonic acid were consider- 
ably less toxic than lead arsenate and do not appear 
to offer promise as insecticides for the codling moth. 
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Effect of DDT, Xanthone, and Nicotine 
Bentonite on the Woolly 
Apple Aphid 


E. J. Newcomer, F. P. Dean, and F. W. Cartson, 
U.S.D.A., Agr. Res. Adm., Bureau of 


Entomology and Plant Quarantine 


In testing new materials for controlling the cod- 
ling moth, Carpocapsa pomonella (L.), it is im- 
portant to observe the effect such materials may 
have on other pests of the apple tree. The woolly 
apple aphid, Eriosoma lanigerum Hausm., was 
formerly a rather serious pest in the Pacific North- 
west, but since the introduction of the parasite 
Aphelinus mali (Hald.) (Newcomer 1940) it has be- 
come relatively insignificant, although some woolly 
aphids can usually be found in almost any orchard. 
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It is particularly important in the case of this insect, 
then, to determine whether this natural balance is 
in any way disturbed by the use of new insecticides. 

In the fall of 1944, at Yakima, Wash., a very 
heavy infestation of the woolly apple aphid de- 
veloped in most of the trees that had been sprayed 
experimentally with DDT. Evidently the DDT 
sprayed on the trees interfered with the normal 
activity of the parasites, although some parasitism 
took place in these trees. In September a measure 
of this infestation was taken by determining the 
percentage of nodes, or leaf insertions, on the new 
growth and water sprouts that had colonies of woolly 
aphids. Of 1200 nodes examined on 8 trees that had 
been sprayed 6 times with DDT at 8 ounces to 100 
gallons, $1 per cent were infested. Of 1200 nodes on 
3 trees nearby that had been sprayed 6 times with 
lead arsenate at 3 pounds to 100 gallons, only 9.5 
per cent were infested. The colonies on the trees 
sprayed with DDT usually consisted of many live 
aphids, but the colonies on the trees sprayed with 
lead arsenate consisted of only a few, many of 
which had been parasitized. 

In 1945 a much more thorough record was made 
of the infestation of woolly aphids in trees sprayed 
with various materials, including DDT, nicotine 
bentonite, and xanthone, with lead arsenate used as 
a standard. Most of the treatments were included in 
both experimental plots in a Rome orchard and one 
in a Winesap orchard, the Romes being sprayed with 
a calyx and six cover applications and the Winesaps 
with a calyx and seven cover applications. The 
calyx spray in every instance consisted of 2 pounds 
of lead arsenate to 100 gallons, and the other ma- 
terials were used in the cover sprays. As there were 
eight trees in each treatment in each of the three 
replications, only 200 nodes per tree, or a total of 


1 Suggested by Leroy Childs, superintendent, Hood River 
Branch Experiment Station, Hood River, Ore. 
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4800 nodes for each treatment, were examined. The 
panes of infested nodes found are shown in 
table 1. 

The addition of DDT to another insecticide al- 
ways resulted in an increased infestation of woolly 
aphids in the trees where the combinations were 
used. DDT used alone in the Rome A orchard 
resulted in a still heavier infestation. As in 1944, the 
individual colonies usually were larger and there 
was less parasitism where DDT was used than where 
it was not used. A check on parasitization by 
Aphelinus was obtained several times late in July. 
In treatment 1 the parasitization at that time was 
about 45 per cent, in treatment 3 it was about 30 
per cent, and in another treatment similar to 3 it 
was about 22 per cent. 

Nicotine bentonite evidently has a definite effect 
on the woolly apple aphid, as the infestation in 
trees sprayed with this material (treatment 4) was 
much less than in trees sprayed with lead arsenate. 
But when DDT was added to half-strength nicotine 
bentonite (treatment 5) the infestation was greatly 
increased. 

The extremely low infestations in the trees 
sprayed with xanthone (treatments 6 and 7) are of 
particular interest. No doubt some of this control 
was brought about by the use of nicotine bentonite 
in the first two cover sprays. However, the infesta- 
tion in the trees sprayed throughout the season 
with nicotine bentonite, while low, was 6 to 20 
times that in the trees sprayed for the rest of the 
season with xanthone, which is evidence that the 
xanthone had a greater effect on the woolly aphids 
than did the nicotine. This effect has also been noted 
in California by Borden (1944), who stated that 
“less woolly apple aphid occurred in and on apple 
in the Watsonville area where xanthone had been 


used. 
In the fall of 1945 a small test was made to deter- 


Table 1.—Infestations of woolly apple aphid resulting from successive applications of DDT, 
xanthone, nicotine bentonite, and lead arsenate. 








TREAT- TREATMENT 


MENT 


(Quantity Per 100 Gat.) 


Lear Nopes INFESTED WITH 
Wootiy AppLe APHIDS 





Rome A Rome B_ Winesap 





Percent Percent Per cent 


Lead arsenate 3 Ib., emulsible mineral oil 1 qt.,' colloidal 


spreader 2.67 oz. 


10.0 8.6 11.1 


Lead arsenate 1.5 lb., DDT 4 oz., emulsible mineral oil 1 qt., 


colloidal spreader 2.67 oz. 
DDT 8 oz., pyrophyllite 1.5 lb. 


12.0 20.1 33.4 


16.9 a ree 


Nicotine bentonite (commercial, 14% nicotine) 2 Ib., mineral 
oil 1 qt.,! oleic acid 4 oz., aluminum sulfate 2 oz. 1.9 : $.1 


Nicotine bentonite (commercial, 14% nicotine) 1 lb., DDT 
4 oz., mineral oil 1 qt.,! oleic acid 4 oz., aluminum sulfate 2 oz. 


Xanthone 2 |Ib., stove oil 1 qt., colloidal spreader 8 oz. (com- 
mercial nicotine bentonite as in (4) Ist and 2d cover sprays) 


Xanthone 1 Ib., DDT 4 oz., stove oil 1 qt., colloidal spreader. 
8 oz. (commercial nicotine bentonite as in (4) Ist and 2d cover 
sprays) 





‘Increased to 2 qt. in 2 or 3 cover sprays. 
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mine whether xanthone or the stove oil used with it 
killed the woolly aphids at the time of application. 
On September 28 twigs heavily infested with aphids 
were thoroughly sprayed with the xanthone used in 
treatment 6 (Table 1). Other twigs were similarly 
sprayed, except that in one test the xanthone was 
omitted and in another test the stove oil was 
omitted. Although the aphids had been thoroughly 
wetted by these sprays, no mortality resulted. On 
October 23 the same twigs were again sprayed with 
the same mixtures. Ten days later there had been 
no mortality. While it is possible that xanthone 
would kill woolly aphids in hot weather, it seems 
more probable that in some way it prevents the 
young aphids from settling on the bark. Further 
work on this question is contemplated. 

Conc.usions.—The continued use of DDT on 
apple trees throughout a season in the Pacific 
Northwest results in greatly increased infestations 
of the woolly apple aphid, apparently by interfering 
with the normal activity of the Aphelinus parasite. 
These observations were made on trees scattered 
about an orchard which also contained many trees 
not sprayed with DDT. Many of the woolly aphids 
developing on trees sprayed with DDT were there- 
fore parasitized by Aphelinus flying from other 
trees between sprays. It would be logical to assume 
that if a large orchard were sprayed with DDT the 
woolly aphids would become even more numerous 
in it, since there would be no near by source of 
parasites. Probably special control measures would 
have to be taken. 

Nicotine bentonite definitely reduces the num- 
bers of woolly aphids when used periodically during 
the season, and they would not = a poms a if it 
were used. 

Xanthone resulted in the lowest infestation of 
any of the materials used, and it evidently has a 
greater effect on the aphids than nicotine bentonite, 
although there is no evidence that it directly kills 
them. They simply do not develop on trees so 
sprayed, and this would be a distinct advantage if 
xanthone were to be used. Even if some DDT is 
used with the xanthone, the infestation still re- 
mains at a very low level. 
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DDT to Control Mezium americanum 
Evcene J. Gerserc, Baltimore 7, Maryland 


A number of red spider bettles, Mezium ameri- 
canum Laporte, were found in a large baking estab- 
lishment. These small, dark red, spider-like insects 
were living in cracks and accumulated dirt. They 
are said to be scavengers, however, to comply with 
food and drug laws, all insects must be eliminated 
from the premises. They were most abundant in the 
receiving department and basement storage room. 
In order to prevent contamination of foodstuffs by 
insect infestations, a thorough residual spray pro- 
gram was inaugurated. Ali walls, beams and studs 
were thoroughly sprayed with a 4 per cent DDT 
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solution. The carrier and solvent used was a highly 
refined hydrocarbon distillate, thus eliminating 
contaminating odors and unsightly stains. A 3-gallon 
Lofstrand hand pressure sprayer with a flat spray 
nozzle was used to apply the residual] spray. Five 
days after the area was treated, an examination 
revealed dead spider beetles in numbers. The kill 
was quite spectacular as there were comparatively 
few beetles in evidence at the time of spraying. It is 
apparent that they and the many other insects found 
dead and dying were affected by the DDT residue. 
This is an efficient and economical means of reduc- 
ing insect infestations in bakeries and warehouses.— 
6-25-46. 





Grasshopper Control by Oil Solutions 
of DNOC Sprayed from Aircraft 


A. W. A. Brown! and L. G. Putnam? 


The following is a report of an attempt to control 
a grasshopper infestation on farm land with an oil 
solution of DNOC emitted from a_ high-speed 
high-capacity aircraft. Promising results having 
been obtained in the laboratory and on artificial 
field layouts, an operational trial was carried out in 
a heavy infestation of Melanoplus m. mexicanus 
Sauss, in summer-fallow covered with Russian 
thistle and pigweed at Majorville, near Bassano, 
Alberta 


The aircraft employed was the Mitchell III (B-25 
J) bomber, flying at 200 m.p.h. approximately 150 
feet above terrain. A 10 per cent DNOC in oil solu- 
tion was emitted from the 279-gallon lower auxiliary 
fuel tank at 3.5 gallons per second from a 4-inch 
vertical emission pipe. A strip field 1 mile long and 
220 yards wide was covered by 3 emission runs of 
the aircraft. 

The aircraft tank was charged with 1700 lbs. of a 
10 per cent (wt/wt) solution of DNOC commercial 
grade (Standard Agricultural Chemicals) in a mix- 
ture of 1 part xylene to $ parts Diol 40 (a heavy fuel 
oil). Approximately 0.5 per cent of Williams Red 
dye was added to permit colorimetric assessment of 
the spray deposit to be made. The specific gravity 
of the solution was 0.922, and its viscosity 41.0 
centipoise (at 25° C.). It had been found in a previous 
trial that the mass median diameter of droplets 
emitted by this method was approximately 360 
microns (0.36 mm.). 

The following procedure was employed in assess- 
ing the percentage mortality of the grasshopper 
population resulting from the spray. Four hours 
before the trial, visual estimates of the population 
per square yard were made every 10 yards in 40 
rows running across the field, the rows being 40 
yards apart. The average population over the whole 
area, based on these 800 individual estimates, was 
7.02 per square yard. The morning following the 
trial (carried out at evening) a visual estimate was 
made of the surviving population by the same 
method and at roughly the same points at which the 
original population was estimated. In addition, a 
count of dead and affected grasshoppers was made 
on a square yard of ground at each of 161 sampling 
— evenly spaced on lines running across the 

eld. 

For colorimetric assessment of the spray deposit, 


1 ey or mec Station, Suffield, Alberta (Department of Na- 
tional Defence, Canda). 
2 Dominion Entomological Laboratory, Brandon, Manitoba 
(Department of Agriculture, Canada). 
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7 lines of sampling points were laid across the field, 
with 28 sampling points located along each line at 
10-yard intervals, and at each point was placed a 
‘“‘jump-card” (18-inch square white cardboard) with 
a 4-inch petri dish on it. It was at these sampling 
points that the counts of dead on the ground were 
subsequently made. In this way the distribution of 
the spray could be plotted, and a correlation could 
be made between deposit density and kill, bearing 
in mind the distribution of the original population. 

The spraying operation was carried out between 
5.50 and 6.20 p.m., under conditions of slight lapse 
(upward convection), the wind ratio (calculated 
from the temperature gradient) being 1.10. The 
wind was light, 3 to 6 m.p.h., varying from W to 
N.W. The aircraft flew on tracks parallel to the 
length of the field from W to E, each track being 
downwind of the preceding one. The first track was 
10 yards upwind of the upwind margin of the field, 
the second 75 yards downwind of the upwind mar- 
gin, and the third 150 yards downwind of the 
upwind margin. The height of the first run was 90 
feet, and of the second and third runs 170 feet above 
terrain. It should be emphasized that the height and 
location of each run was determined in view of 
meteorological conditions at the moment, and 
the instructions were relayed to the pilot by radio 
from the ground. 

The coverage of the spray over the field, as meas- 
ured by the spot deposit densities on the petri 
dishes, was reasonably even, all sampling points 
showing some degree of deposit, and no spot de- 
posits exceeding 3.5 Ibs. per acre. The average spot 
deposit figure was 1.08 Ibs. per acre. (The first 100 
yards of the field was not hit in all the runs due to 
late opening of the emission valve in the aircraft, 
and that row of sampling points is omitted from 
consideration.) The proportion of material emitted 
that>was recovered on the field was 58 per cent. 
The amount of spray expended in the operation was 
1311 Ibs., containing 131 Ibs. DNOC, over the 80- 
acre field, representing an average overall expendi- 
ture of 1.64 Ibs. per acre. 

The average population of live grasshoppers re- 
maining on the field the following morning, using 
the same method as for the original estimate, was 
found to be 2.00 per square yard over the whole 
field, or 1.67 per square yard omitting the first 100 
yards, representing a population reduction of 5.35 
per square yard or 76 per cent. The average number 
of dead grasshoppers found on the ground was 5.56 
per square yard, and the number of definitely af- 
fected (characterized by uncoordinated movements, 
lack of balance, and inability to fly normally) in- 
dividuals was 1.47 per square yard. It is probable 
that a proportion of these individuals was included 
in the estimate of the surviving population. 

The effect of DNOC on the vegetation was ob- 
served from a previous spray trial, where heavy 
dosages were put down in narrow swaths. No burn- 
ing of foliage of Russian thistle and pigweed was 
noted until the area deposit exceeded a figure be- 
tween 5 and 10 Ibs. per acre. 

In a field trial carried out at Suffield, Alberta, 
using grasshoppers exposed on jump-cards on the 
layout, a single emission run of the Mitchell II 
aircraft emitting a 10 per cent DNOC in oil spray 
caused 100 per cent mortality of Melanoplus mexi- 
— over a swath varying from 30 to 80 yards in 
width. 

Ina preliminary trial on farm land at Majorville, 
where the Mitchell III aircraft made two parallel 
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emission runs over a similar 80-acre field at the very 
low altitude of 50 feet, so that the swathes were 
dense and narrow, a 44 per cent reduction was ob- 
tained in a population of M. us mexicanus 
originally estimated at 15.8 per square yard. 

Detailed examination of aircraft spray data, com- 
bined with aerosol generator and laboratory spray 
results, would indicate that more than 90 per cent 
control could be expected if all points in the area 
were covered at a rate of more than 0.3 Ibs. per 
acre, and 100 per cent control if the rate were greater 
than 0.5 lbs. DNOC in oil solution per acre. 

Summary.—A spray of 10 per cent DNOC in oil 
solution, emitted to the extent of 131 Ibs. of DNOC 
from a Mitchell III aircraft in 8 parallel emission 
runs over an 80-acre field, 1 mile Jong by 220 yards 
wide, exhibiting a heavy infestation of Melanoplus 
mexicanus in Russian thistle and pigweed vegeta- 
tion, caused a population reduction of between 71 
and 76 per cent.'—6-29-46. 


1 The field trials were carried out by the Experimental Sta- 

tion, Suffield, in cooperation with the Division of Entomology, 

i i . Bi assessments 

the assistance of Mr. G. F. Manson, Officer-in- 

charge, Dominion Ento ical Laboratory, Lethbridge; the 

original programme of these trials was drawn up with the col- 

laboration of Dr. R. H. Handford, Grasshopper Research 
Leader for the Prairie Provinces. 





Grasshopper Control in Alfalfa with 
Hexachlorocyclohexane Dust 


Cuar.es H. Brett and W. C. Raoapes! 


Severe outbreaks of grasshoppers in alfalfa fields 
of northwestern Oklahoma afforded an opportunity 
to test the value of new insecticidal materials used 
as dusts. High temperatures in Oklahoma generally 
have complicated the effective use of baits, leaving 
much to be desired in practical control. 

MarTeErIALs AND Metnops.—The most toxic prep- 
aration applied in these tests was a wettable powder 
containing 50 per cent technical hexachlorocyclohex- 
ane, 10 per cent of which was gamma isomer. Other 
dusts were prepared in a series of concentrations of 
the gamma isomer by diluting with talc a prepara- 
tion which was 100 per cent technical hexachlorocy- 
clohexane containing 10 per cent of the gamma 
isomer. A few tests were prepared by impregnating 
tale with technical Velsicol 1068. 

Applications of these dusts were made with a 
Root Model Y-@, six-row power duster. This ma- 
chine was mounted on a two-wheel trailer and drawn 
behind a light truck. 

The dust for each treatment, except the wettable 
preparation, was applied at the rate of 10 pounds per 
acre over 2.5 acre plots. Treatments were made at 
three different times and in two different localities. 
The chart in figure 1 shows the averages of these 
tests. 

In all plots the alfalfa was about 15 inches high 
and nearly ready to be cut. Grasshoppers were 
estimated to average between 35 and 40 insects per 
square yard. Severe damage had been done to the 

lants. 

: Records were made in the dusted plots between 
6 to 8 hours after application and again between 
24 to 30 hours after. A square yard frame was placed 
on the ground and two observers counted all af- 

1 ively, Assistant Entomologist and Research Assist- 

ant, homa Agricultural Experiment Station, Stillwater, 
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fected and dead grasshoppers within this area. 
Such counts were replicated from 5 to 10 times in 
each plot. 

During the tests, humidity averaged below 50 

cent with temperatures ranging from 80° to 
RE The air was nearly quiet when dusts were ap- 
plied. 

Resvutts.—Grasshoppers showed symptoms of 
having been poisoned within a few minutes after 
dusts of the higher concentrations were applied. 
This time increased as the concentration d 
Dust containing 0.1 per cent gamma isomer did not 
produce symptoms until after 4 hours. Characteris- 
tically the insects stumbled about, showing loss of 
coordination accompanied by peculiar nervous 
tremors similar to the effect of DDT on flies. This 
condition progressed to a point of complete inac- 
tivity, the rate of progress being determined by 
the concentration of gamma isomer as is shown in 
figure 1. 
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Fic. 1—Grasshopper control in alfalfa. Top bars rep- 
resent a test using wettable dust containing 50 per 
cent hexachlorocyclohexane of which 10 per cent 
was gamma isomer. The seven other concentrations 
shown were dilutions with tale of a technical con- 
centrate containing 10 per cent gamma isomer. 


After 24 hours all affected grasshoppers were 
either dead or had recovered. Of 200 affected grass- 
hoppers collected at the end of 6 hours from splots 
treated with 2 per cent gamma isomer, 3 per cent 
had completely recovered at the end of 24 hours. 
Under cage conditions these fed and completed their 
development. Little residual effect of the poison 
could be seen under field conditions. Small plots 
dusted with the wettable dust containing 5 per cent 
gamma isomer, at the rate of 38 pounds per acre 
showed complete kill by the end of 6 hours. Grass- 
hoppers subsequently moving into these plots were 
not affected. At the end of 2 weeks the population 
was restored. There was no evidence of phytotoxicity 
or continued poisoning of grasshoppers. 
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It is probable that different species vary in their 
susceptibility. No living lesser migratory grasshop- 
pers, Melanoplus mexicanus mexicanus (Saussure), 
were collected from any of the plots above 0.5 per 
cent gamma isomer after 24 hours. 

Grasshoppers present during the first tests were: 
Melanoplus differentialis, nymphs 87 per cent, adults 
1.4 per cent; M. bivittatus, adults 0.6 per cent; and 
M. mericanus, adults 11 per cent. Tests made 2 
weeks later in a different area included: M. dif- 
ferentialis, nymphs 48 per cent, adults 6 per cent; 
M. bivitiatus, nymphs 2 per cent, adults 10 per 
cent; and M. mexicanus, adults 10 per cent. Nymphs 
and adults were about equally susceptible to the 
poison. Preliminary tests have shown the use of 
synergic materials such as pyrethrins and piperony] 
cyclohexanone to increase the percentage of grass- 
hoppers killed with the lower concentrations of 
gamma isomer and to decrease the time of kill. 
Further experiments are planned in this regard. 

Plots were dusted with Velsicol 1068 in the same 
manner as those with hexachlorocyclohexane. No 
grasshoppers were affected or killed at concentra- 
tions of 0.05, 0.1, 0.5, or 1.0 per cent Velsicol 1068. 
Dust containing 5 per cent Velsicol 1068 killed 1.3 
grasshoppers per square yard or 3.7 per cent of 
the population. Ten per cent dust killed 2.7 grass- 
hoppers per square yard or 7.7 per cent of the 
population. 

Insects other than grasshoppers which were ob- 
served to have been killed in plots dusted with hexa- 
chlorocyclohexane included: 

. Plains false wireworm, Eleodes opaca (Say) 
é a snout beetle, Epicaerus imbricatus 
Say 
. Convergent lady beetle, Hippodamia con- 
vergens Guer. 
. Tiger beetle, Cicindela punctulata Oliv. 
. Ground beetles, Carabidae. 
. Camel crickets, Udeopsylla spp. 
. Red harvester ant, Pogonomyrmez sp. 
‘ eg caterpillar, Colias philodice eurytheme 
v. 
9. Garden webworm, Lorostege similalis (Guen) 
10. Flies, Diptera. 


The leafhoppers (Cicadellidae) were least affected 
of any insects which were present in numbers. 
Many of them survived. Hymenoptera were con- 
spicuously absent from the plots. 

Discussion.—Hexachlorocyclohexane dust is an 
effective material for controlling grasshoppers. Its 
practicability depends upon the manufacture of re- 
fined material cheaply and in quantities. Its applica- 
tion on a large scale by means of power dusters or 
aeroplanes will bring a vast saving of seed alfalfa and 
other crops. 

SumMary.—Tests in alfalfa fields with hexa- 
chlorocyclohexane gave good control of grasshop- 
pers when dust containing 8 per cent gamma isomer 
was applied at the rate of 10 pounds per acre. When 
this concentration was reduced, control was propor- 
tionally less effective. There was a variation between 
different sample preparations. A wettable dust con- 
taining 5 per cent gamma isomer appeared to be 
about twice as toxic as a technical concentrate diluted 
with tale. 

Grasshoppers not killed within 24 hours remained 
active. No residual or phytotoxic effects were 
apparent. 

Velsicol 1068, as a 10 per cent technical material 
in tale, at 10 pounds per acre, was not satisfactory 
in controlling grasshoppers.—7-12-46. 
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Hash and Rehash 


It Is TO BE assumed that there has been 
criticism of the editorial policies of the 
JOURNAL even though it is true that very 
little of such criticism has come to the at- 
tention of the editor. When the editor 
takes a realistic look at his own policies, 
and his actions in carrying them out, he is 
forced to admit that much criticism might 
fairly be aroused among both contributors 
and readers which he must recognize as 
just and well-deserved. The editor will 
venture to advance the opinion that, if he 
had better succeeded in realizing what he 
has attempted, in the way of editorial 
“meddling” and also, if the contributors 
were better informed as to his policies, the 
criticisms might be somewhat less severe. 
A discussion of policies may well be in or- 
der at this time. 

The editor holds, first, that the Jour- 
NAL is published for the good of the science 
and profession of entomology; that the 
good of the profession comes first; the in- 
terests of the readers are second but in- 
separable from the first consideration, and 
that the interests of the contributors come 
third. The latter should coincide with the 
others but do not always seem to do so. 

The first consideration is the standing 
of the profession of entomology in the sci- 
entific world and in the world where cul- 
tural standards are considered. Too often 
members of the profession lose sight of the 
cultural considerations in their pursuit of 
the practical. A glance at the history, not 
of entomology but of entomologists, may 
throw some light on this point. Early en- 
tomologists were classically educated. 
They integrated the terminology of ento- 
mology with the classics and established 
for the science a firm cultural background. 
The first wave of economic entomologists 
retained the classical contacts; a study 
of the early publications in economic 
entomology affords irrefutable evidence 
of this statement. 

Later, economic entomology became as- 
sociated with Colleges of Agriculture 


where the trend was away from the cul- 
tural and stressed the immediately prac- 
tical. Even in this environment entomolo- 
gists clung to their standards until the 
inauguration of the extension movement. 
With that movement developed the idea 
that scientists writing for farmers must 
“write down” to the farmer, and that field 
men, talking to groups of farmers must 
“talk down” to the farmer. This was called 
“speaking the farmers’ language” and the 
idea developed that it was necessary to 
present plain facts in kindergarten lan- 
guage or in the vernacular of the farm 
community to have it understood. The 
practice persists and may even be growing 
but is certainly based on a misconception 
of the farmer. 

Extension men are often college teach- 
ers and research men and are so known to 
the farmers. Farmers are not the ignorant 
yokels the extension policy supposes. 
They listen with understanding to their 
preachers who use good, often classical, 
language. They read good newspapers and 
magazines in which high standards of 
English are maintained. They listen to 
the radio, but we hesitate to express our 
opinion as to the effect that may have on 
their cultural standards. At any rate, the 
farmer, regardless of his standards of 
spoken English, usually recognizes the 
English of the educated man as an evi- 
dence of his education. And it is our firm 
belief that the farmer wants his technical 
information in dignified and correct lan- 
guage. He does not want to be babied or to 
have his intelligence belittled. 

The farmer does not want circulars on 
“Outwitting the Doodle-bug” or bearing 
similar titles childishly attributing human 
motives and human intelligence to the in- 
sects. And he does not have too much re- 
spect for the Extension Service which is- 
sues such publications. 

And if the farmer discounts the ento- 
mologist because of such tactics what ef- 
fect must these have on the better 
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educated communities? And how must 
the entomologist rate with other groups 
in the world of science? 

Several years ago the late Dr. Frison, 
then editor of the JouRNAL, wrote an edi- 
torial entitled “Entomologists Don’t 
Rate,” in which he expressed the concern 
of the profession over the fact that ento- 
mologists were exceedingly scarce among 
the starred scientists in American Men of 
Science. Could one of the reasons for this 
condition be that entomologists and mem- 
bers of other groups which engage in ex- 
tension work in agriculture, have de- 
liberately, through much of their pub- 
lished work, belittled themselves, their 
ability and their cultural standards? 

No one believes more firmly than the 
editor that the entomologists of this coun- 
try are as broadly educated as any other 
group working in science. And that the 
average of ability in the group is not ex- 
ceeded in other sciences. Men trained in 
entomology have developed into chem- 
ists whose work will compare favorably 
with that of chemists working in any 
other field; they have demonstrated an 
ability to apply mathematics in its more 
complicated forms in statistical analyses 
of their research data. They have mas- 
tered languages and certainly have as 
good a knowledge of their own language 
and how to use it, as any group. But, too 
often, they have come to discount the ne- 
cessity of using technically correct lan- 
guage in all their publications. 

Not only are JourNAL articles often 
carelessly written, doubtless because pres- 
sure of other duties induces too much 
haste, but in many instances they follow 
the standards of the extension school, ap- 
parently deliberately. Only to a limited 
extent, and then with considerable trepi- 
dation, has the editor of the Journat done 
anything about this matter. It is by no 
means clear to him that he is authorized 
to do anything; or that he has the ability 
to do what needs to be done. 

However, at the moment, certain ten- 
dencies may be mentioned. They touch on 
one of the weaknesses of the editor—the 
matter of names. Too little constructive 
attention is being paid at the moment to 
securing adequate and usable names for 
the many new insecticides. In place of let- 
ting names for these substances creep into 
the literature we should adopt the rule of 
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using no new name, other than the chem- 
ical designation of a new insecticide, 
without having suggested names consid- 
ered and approved by the committee 
which now exists for that purpose. Prevent 
the establishment in the literature and in 
bibliographies, of names which will be 
found to be unsatisfactory. Literally 
dozens, perhaps hundreds of new materials, 
are coming into use. They have names 
which are often inconvenient and unsuita- 
ble on other grounds. Immediate con- 
structive action is imperative if confusion 
in the future is to be avoided. 

And, when names are being considered, 
unimportant as the matter may seem to 
some, the rules of language formation 
should receive due consideration. 

In some popular publications in recent 
years terms such as “miticides” and even 
the terrible “loosicide” have been al- 
lowed to appear. This is defended on the 
grounds that they are for popular con- 
sumption. (And anything is good enough 
for the poor ignorant farmer.) But re- 
member, that the reader is likely to judge 
our entomological ability, which he can 
not otherwise evaluate, by the evidence 
we show of good general education, which 
he can recognize, and to condemn us and 
doubt our recommendations just on the 
evidence which we place before him. 

Neither of the words mentioned is nec- 
essary or defensible. Insecticide could be 
used as a substitute for either. It is true 
that mites are not insects but the sub- 
stances used in their control are usually 
insecticides. And the Acarina are, in fact, 
an integral part of the science of entomol- 
ogy in its economic phrases. In addition, a 
word etymologically and phonetically 
satisfactory has already been used to des- 
ignate mite-killing substances—“acari- 
cides.” Pediculicides, equally correct, is 
less satisfactory but infinitely preferable 
to “lousicide.” 

Both these terms have been barred, ar- 
bitrarily, from the Journat. Other similar 
terms will be barred by the editor so long 
as he can get away with it. In this way he 
hopes that he may contribute a bit to the 
“rating” of entomologists in the cultural 
world and even enhance their influence 
with the “poor ignorant farmer.” And 
while the writer has not had wide experi- 
ence in extension work he will cite one fact 
which has impressed itself on his notice. 
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Almost invariably, when a farmer is vis- 
ited and some insect is demonstrated to 
him in the field, he wants to hear the tech- 
nical name of the insect. Partly through 
curiosity, doubtless. But also, partly, to 
assure himself that the extension man 
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knows his business. So, if we want to show 
off, let us do it by stressing our knowledge, 
not of Mother Goose expressions, but of 
good technical entomology in good tech- 
nical English—which must be good liter- 
ary English. 


OBITUARIES 
Kennith Bawkins, 1890-1946 


Kennith Hawkins died on Wednesday, October 9, 
1946, at his home in Watertown, Wisconsin, from a 
heart attack. Mr. Hawkins had been in poor health 
for several years and had been obliged to reduce his 
activities to the minimum. 

Mr. Hawkins was born in Plainfield, Illinois, on 
February 8, 1890. He was educated in the public 
schools of Plainfield and later was enrolled in Ex- 
tension Classes of the University of Chicago at 
Joliet, Illinois. His early years were spent in news- 
paper and magazine work and he was, at one time, 
City Editor of a newspaper in Pensacola, Florida. 
He also, at different times, was on the staffs of Town 
and Country, Country Gentleman and Farmers Re- 
view. 

He established himself in the employ of the G. B. 
Lewis Company, in Watertown, Wisconsin, in 1919 
and served as general sales manager and was in 
charge of sales promotion and advertising for the 
company and won esteem as a business man and as 
an associate. 

In this business connection Mr. Hawkins became 
an authority on bees and wrote How to Succeed with 
Bees, a book which enjoyed eleven editions, and 
Beekeeping in the South. 

Hawkins had a wide acquaintance among bee- 
keepers which promoted his acquaintance with ento- 
mologists and he was, for several years, a member of 
the Association. He was quiet in habit but impressed 
his associates by his outstanding characteristic 
which was a friendly interest in all his associates and 
an endearing personality which combined intelli- 
gence with a sense of humor and high ideals. Mod- 
esty and unfailing consideration for all with whom 
he came into contact were also notable qualities. 

Even those whose only contacts with him were 
through correspondence and occasional contacts at 
meetings, share in the sense of personal loss which 
must be felt most keenly by his family and every- 
day associates. 

Mr. Hawkins is survived by his wife, the former 
Ella Clausing, to whom he was married in 1922, in 


Kennith Hawkins 


Watertown, and three children: Mrs. Kenneth 
Rhodes of Milwaukee; Edgar Hawkins of Los 
Angeles and Paul Hawkins of Watertown. He was a 
Mason, a member of the Union League Club of 
Chicago, of the American Honey Institute, and of 
the De Molay council of advisers. He served on the 
Board of Education in Watertown and had many 
other affiliations which his failing health compelled 
him to relinquish in recent years. 





Thomas J. Beadlee 


Doctor Thomas J. Headlee died on Friday, June 
14th, 1946, at Muhlenburg Hospital, Plainfield, 
N. J. of complications following an operation. Doc- 
tor Headlee was long active in the American Asso- 
ciation of Economic Entomologists and served as its 
President in 1929. Until his retirement from active 
duty two years ago, he was a faithful attendant of 


the meetings of the Association and of the Eastern 
Branch, which he helped organize and of which he 
was Chairman in 1933. 

Doctor Headlee retired January Ist, 1944 as Pro- 
fessor of Entomology, Rutgers University, Entomol- 
ogist of the New Jersey Agricultural Experiment 
Station and State Entomologist, after a period of 
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Thomas J. Headlee 


service extending over $1 years. He was appointed 
Professor Emeritus of Entomology, Rutgers Univer- 
sity, at his retirement from active duty. Before his 
appointment to the positions left vacant by the 
death of Doctor John B. Smith in 1912, Doctor 
Headlee was Professor of Zoology and Entomology 
and State Entomologist at the Kansas State College 
of Agriculture from 1907 to 1912. Previous to that 
he was Associate Entomologist at the New Hamp- 
shire Agricultural Experiment Station as an associ- 
ate of the late E. Dwight Sanderson. 


Doctor Headlee was born in the small community 
of Headlee, Indiana, of pioneer stock. Like many 
young men of that region and time he educated him- 
self. He taught school for several years, beginning at 
the age of 18. He attended the University of Indiana 
where he graduated in 1908. Continuing in post 
graduate work he received the Degree of Master of 
Arts from the same institution in 1904. From Indi- 
ana he went to Cornell where he studied under 
Professor J. H. Comstock. He earned his Doctorate 
there in 1906. 
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The insect control problems which attracted Doc- 
tor Headlee’s interest over a period of more than 
forty years was extremely varied in scope. Perhaps 
his most outstanding work was in the field of 
mosquito control. He was instrumental in the for- 
mation’ of the New Jersey Mosquito Extermination 
Association in 1914 and through his qualities of 
leadership made it an important and continuously 
active factor in the pestis mosquitoes, a primary 
insect problem in New Jersey. His more than 30 
years’ work on mosquitoes wasclimaxed by the pub- 
lication in 1945 of ““The Mosquitoes of New Jersey 
and Their Control” which summarizes his labora- 
tory and field work on these insects. Doctor Headlee 
was interested in Insect Physiology, particularly the 
response of insects to environmental factors, and 
was a pioneer in the study of radio and other waves 
on insects. He maintained at all times an active in- 
terest in the problems delegated for special study to 
members of his staff and his stimulating suggestions 
were responsible, to a large degree, for much of the 
progress made in a variety of problems. 

An outstanding quality of Doctor Headlee in re- 
search was an active but controlled imagination and 
a spirit of pioneering. Those fortunate enough to be 
associated with him marvelled at his unending 
source of ideas and suggestions. However, he was 
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able always to keep his visionary projects firmly 
anchored to a practical point of view. 

Doctor Headlee was a scholar with wide interests. 
This was recognized by his associates at Rutgers 
who elected him to Phi Beta Kappa. He was also a 
member of Sigma Xi and of Alpha Zeta. 

Besides being a long time member of the Associa- 
tion and serving as its President, Doctor Headlee 
was a charter member of the Entomological Society 
of America; fellow, American Association for the 
Advancement of Science; life member of the New 
Jersey State Horticultural Society; member of East- 
ern and National Plant Boards and member of sev- 
eral mosquito associations and societies. 

Doctor Headlee was a man of positive opinions, 
forthright in speech and manner, impatient with 
sham and intolerant of injustice. Those closely asso- 
ciated with him will agree that an outstanding char- 
acteristic of his was loyalty to his associates, 
sympathetic interest in their work and in their per- 
sonal welfare, and a warm and enduring personal 
friendship. He is survived by his wife, Blanche Ives 
and three daughters: Mrs. Floyd Markham of New 
York, Mrs. Carl Stover and Miss Ruth Headlee of 
Dayton, N. J. 


L. M. Pearrs AND Byruey F. Driccers 





RECENT PERSONNEL CHANGES IN THE BUREAU OF 
ENTOMOLOGY AND PLANT QUARANTINE 


Division of Foreign Plant Quarantines 


New ApPpoINTMENTS 
Division of Domestic Plant Quarantines 


Andrew J. Turner 

Room 836-B, 641 Wash- 
ington St., New York 
14, N.Y. 

Gordon D. Hall 

Box 83 Goldsboro, N.C. 

Rose Ella Warner 

James E. Va n 

Hinton H. Ballard 

Box 43, Gulfport, Miss. 


Lee Hartline 

Calvin E. Shepard 
Albert D. Griffith 
Lamont Mill 

Van T. George, Jr. 
Jack B. Mercer 

Farris Ivie 

Andrew J. Coppinger, Jr. 
William T. Nailon 

Box 4066, Houston, Tex. 


Division of Insects Affecting Man and Animals 


James P. Toffaletti 


Val E. Weyl 
Box 5144, Dallas, Tex. 


Charles L. Smith 


Box 608 Menard, Tex. 


Division of Mexican Fruitfly Control 


Thomas W. Ammerman 
Falfurrias, Tex. 


Roy C. Page 
Box $1, Mission, Tex. 


Virgil A. Thompson 
Box 12638, McAllen, Tex. 


Division of Grasshopper Control 


Arthur Geiser 


John H. Ferguson 


181 Speer Boulevard 
Denver 3, Colorado 


Division of Forest Insects 


Rabley W. Nash 
Valentine M. Carolin, Jr. 
Charles M. Speers 
Robert I. Roggie 


Robert L. Bean 


56 Hillhouse Ave., New 


Haven, Conn. 


Robert A. Zirker 

Box 948, Douglas, Ariz. 

John A. Lindsay 

Paul T. Riherd 

Russell A. Nicholson 

Lawrence Nagler 

William Marr 

Walter F. Condon 

Box 688, Nogales, Ariz. 

Bernard B. Sugerman 

Room 800, U.S. Cus- 
tomhouse, 610S.Canal 
St., Chicago 7, Ill. 

Olen E. Hunt 

George H. Berg 

Alfred C. Curtiss, Jr. 

John L. Ward 

Room 907, Pere Mar- 
quette Bldg., 150 Ba- 
ronneSt., New Orleans 
12, La. 

Joseph A. Reeves 

Room 530 Federal Bldg., 
Buffalo 3, N.Y. 

Ruffin A. Perkins 

Room 411, U.S. P.O., 
Norfolk, Va. 

Mortimer D. Leonard 

U.S. Dept. of Agricul- 
ture, m $112, S. 
Bldg., Washington, 
D.C. 


Ernest Richmond 
Edwin F. Corlis 


Edmond B. Dennery 

Room 24, Agriculture 
Bldg., San Francisco 
5, Calif. 

Samuel Beller 

Box 401 San Pedro, 
Calif. 


George E. Fowler 
Leonard J. Stewart 
John H. Conroy 


Quinton L. Chapman 

Room 844 Federal Bldg., 
Christopher St., New 
York 14, N.Y. 

John H. Gayden 

Box 1033, Brownsville, 
Tex. 

Virgil A. Becker 

Box 488 Eagle Pass, 
Tex. 

Young C. Rowan 

c/o U.S. Customs Inter- 
national Bridge, Hi- 
dalgo, Tex. 

Antoine J. Benton 

Ralph C. Johnston 

Charles F. Towns 

Room 127 U.S. Court- 
house, E] Paso, Tex. 

Roger W. Allen 

Room 407 P.O. Bldg., 
Galveston, Tex. 

Jose Hidalgo, Jr. 

Edgar F. Faulkner 
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William Costello James H. Pruitt 
Thomas V. Henneberry William C. Whitehead 
Elgine E. Sims 
Elbert W. Jackson 
Box 277 Laredo, Tex. 


Division of Cotton Insects 
Rudolph G. Strong James E. Gillesp: 


Box 906, San Benito, 
Tex. 


Box 1218, Waco, Tex. 


Division of Plant Disease Control 


Robert H. Kliewer 
Room 618, Realty Bldg., 


Spokane 8, Wash 


. 


Disision af I ‘cide I pda! 


Fred I. Edwards, Jr. 


Agr. Res. Center, Belts- 


ville, Md. 


Ivan A. Welborn, Jr. 
Box 70 Whittier, Calif. 


RESIGNATIONS 
Division of Foreign Plant Quarantines 


John W. Bergquist 

Box 688, Nogales, Ariz. 

David H. Byers 

Stephen R. Mo 

Room 24 ree se NS 
Bldg., San Francisco 
5, Calif. 

Karl P. Conradi 

Room 209 Customhouse 
Savannah, Ga. 


Orrell F. Kent 

Room 710 Pere Mar- 
uette Bldg., New 
leans, La. 


Edgar F. Faulkner 

Henry S. Farmer 

Lloyd V. France 

Room 844 Federal Bldg., 
Christopher St., New 
York-14, N.Y. 

Bruce T. Bryant 

Room 212 Federal Bldg., 
Honolulu 9, T.H. 


Division of Domestic Plant Quarantines 


Ralph W. Bunn 

Box 7086, New Orleans, 
La. 

Marvin M. High (Re- 
tired) 


Homer T. Rainwater 

James M. McGough 

William Dickison 

B. P.Q. Bidg., Gulfport, 
Miss. 


Division of Cereal and Forage 


Marshall J. Magner 
Box 32, Urbana, Il. 


Division of Pink Bollworm Control 


Harry A. Berrier 
Box 849, Las Cruces, 
N.Mex. 


James E. Bruton 
Box 798, San Antonio, 


Tex. 


Division of Insects Affecting Man and Animals 


Clell B. Wisecup 
Howard A. Jones 
Fred A. Marton 
Joseph P. Linduska 


Olin M. Longeoy 


Fred M. Snyder 
Box $391, Orlando, Fla. 


Insecticides Investigations 
Pauline T. Diamond 
Stanley A. Cristo] 
Beltsville, Md. 
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Division of Grasshopper Control 
181 Speer Blvd. D 
181 vd., Denver 
8, Colo 


Sherwin H. Eckl 
Room 306 Rule B 
Amarillo, Tex. 
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Robert W. Every 
Box 1697, Billings Mont. 
E. Gallaway 
421 Railroad St., Elko, 
Nev. 


Division of Control Investigations 


Paul A. Wake 


Agr. Res. Center, Belts- 


ville, Md. 


Howard B. Johnson 
Box $75, Gulfport, Miss. 


Division of Fruit Insects Investigations 


John C, Allee 


Ernest N. Green 
836 Broadway, Chico, 
Calif. 


Russell W. Nelson 
Room 508, Realty Bldg., 
Spokane 8, Wash. 


Division of Forest Insect Investigations 
Clarence A. Petty, Beltsville, Md. 


Dwision of Japanese Beetle Control 


Paul S. Coffin 


144 Moody St., Waltham, Mass. 


Division of Insect Pest Survey and Information 
William A. D. Millson 
U.S.D.A., Washington 25, D.C. 


REASSIGNMENTS 
Division of Foreign Plant Quarantines 


2 a A. Johnston, 
r. 

Milton R. Sartor 
Robert F. Owen 
Raymond G. Smith 

Ma J. Ramsey 
William W. Chapman 
Kirby W. Halloway 
Vivian B. Harrell, Jr. 


Karl F. Petsch 
Room 844 Federal Bldg., 
Christopher St., New 
York, N.Y. 
John R. Garrett 
James N. Smith 
Room 411 Post Office, 
Norfolk, Va. 
Reginald C. Watson 
Otto L. Cook 
Room 907 Pere Mar- 
uette Bldg., New 
leans 12, La. 


Caleb P. Daley 
309 U.S. Courthouse, 
Ft. Worth 2, Tex. 


Juan D. Gomez 
Calvin L. Ritchie 
Oliver O. Stout 
Zachariah A. Barker 
Samuel Beller 
Edmond B. Dennery 
Marshall M. Ross 
Leo Kartman 
Harry E. Bronson 
Box $40, Honolulu 9, 
T.H. 


Olen K. Hunt 

Room 205, 7300 Wingate 
St., Houston, Tex. 

William T. Owrey 

Mansel C. Guerry 

Joseph Kline 

Frank A. Vitrano 

Box 3386, San Juan, 
Puerto Rico 

Paul R. Frink 

Henry K. Townes, Jr. 

Richard G. Oakley 

Room 24 Agr. Bldg., 
San Francisco, Calif. 

Warren F. Pippin 

John E. Downs 

Box 688, Nogales, Ariz. 

William G. Whitehead 

Box 277, Laredo, Tex. 

Jack M. Darden 

John H. Gayden 

Brownsville, Tex. 

Richard Faxon 

Marcus A. McMaster 

209 River St., Hoboken, 
Nw. 


Louis J. McConnell 
601-A Customhouse, 
Philadelphia 6, Pa. 

Edward D. Algert 
Room 229 Federal Bldg., 
San Ysidro, Calif. 
Edward A. Richmond 
Westover Army Air 
Field, Westover, Mass. 
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Room 618 Realty Bldg., Cambridge 39, Mass. Herbert C. Secrest Milwaukee, Wis. 
Spokane 8, Wash. William V. Zimmer Gates Cook Bldg., Gulf- Van E. Romney 
John K. Kroeber Room 1, Leggett Bldg, _ port, Miss. Whiteford L. Baker 
628 E. Michigan St., Wytheville, Va. Harold A. Jaynes Box 156, Columbus 9, 
Milwaukee 1, Wis. Glenn R. Allison 56 Hillhouse Ave., New Ohio 
Conrad P. Wessela Room 207 P.O. Bldg., Haven, Conn. 
Howard Benton Lansing, Mich. . . 
‘ ' Division of Domestic Plant Quarantines 
Leiton E. Nelson ; . Sie 
Room 449 P.O. Bldg., Orville M. White Box 938, Wilmington, 
Columbus 16, Ohio Box 4066, Houston, Tex. N.C. 
Kermet H. Applewhite cag sg eg 
Division of Japanese Beetle Control agg ean = im. ope Mills, 
Harold J. Sigsbee Dana W. Milla omer \. iripie : 
John S. Stockbridge Box 1083, Bingston, Box 316, Burgaw, N.C. og ggg a 
Charles A. Huntington N.Y. Jay B. Smith Calif. 
William L. Caskey Leston R. Mate Gordon D. Hall 
Charles H. Philli ; 
Edward 8. Brewer 209 River St. Hoboken, Division of Insects Affecting Man and Animals 


Trevor B. Heald 

508 Main St., 

East Orange, N. J. 

Frank G. Winn 

~ 5271, Richmond, 
a. 


Ernest L. Williams 
264 W. Tazewell St., 
Norfolk 10, Va. 


Division of Pink Bollworm Control 


Homer B. Tittle 

Box 2919, Miami 18, 
Fla. 

Guy E. Orr 

Box 67, Lamesa, Tex. 

James S. Parker 

Apartado Postal $22, 
Delicias Chihuahua, 
Mex. 

Joseph H. Kelley 

Box 232, Taft, Tex. 


Joseph N. Crisler 

Room 11, U.S. Court- 
house, El Paso,- Tex. 

Hugh S. Cavitt 

Harlingen, Tex. 

Arthur L. Anderson 

Big Spring, Tex. 

Joseph C. Gay 

Box 849, Las Cruces, 
N.Mex. 

William H. Hare 

Box 482, Alice, Tex. 


Disicion of Fnsstticides I ee 


Jack E. Fahey 
1237 Washington Ave., 
Vincennes, Ind. 


Fred Acree, Jr. 
Milton S. Schechter 
Beltsville, Md. 


Division of Truck Crop and Garden Insects 


Kenneth E. Gibson 
Box 1106, Walla Walla, 
Wash. 


Howard E. Dorst 
Box 109, Logan, Utah 


Division of Control Investigations 


E. M. Livingstone 
George R. Swank 

Box $75, Gulfport, Miss. 
Sam C. Munson 
Robert H. Nelson 


Agr. Res. Center, Belts- 
ville, 

Jacob W. Bulger 

Room 11 U.S. Court- 
house, El] Paso, Tex. 


Box 3391, Orlando, Fla. 


Harold N. Johnston 
Box 208, Dallas 1, Tex. 


Raymond C. Bushland 
Hansell F. Cross 
Frank §. Faulkner 


Division of Fruit Insecis 
Samson R. Dutky George H. Kaloostian 
Box 150, Moorestown, Box 1291, Yakima, 
NJ. Wash. 


Division of Cereal and Forage 
Elmer W. Beck Ralph Mathes 
2256 Collingwood Ave., Eli K. Bynum 


Toledo, Ohio Box 387, Houma, La. 
Jesse W. Ingram 
Division of Cotton Insects 
Tom P. Cassidy, BEPQ 
Washington 25, D.C. 
Division of Grasshopper Control 
Kelvin Dorward 131 Speer Blvd., Denver 
Marvin C. Kramer 8, Colo. 
Sherwin H. Eckley Ivar Twilde 
Box 1697, Billings, Mont 
Diwision of Insect Identification 
William D. Field BEPQ—Washington 25, 
Louise M. Russell D.C. 
Paul W. Oman 
Division of Mexican Fruitfly Control 
Roy C. Strong, Jr. 
Elsa, Tex. 
Division of Bee Culture 
Will A. Stevenson 
Univ. of Arizona, Tuc- 
son, Ariz 





PROCEEDINGS OF THE THIRTIETH ANNUAL MEETING 


Pactric SLorpE BrRancu, AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 
Mission Inn, Riverside, Calif., June 26, 27, and 28, 1946 


The 30th Annual Meeting of the Pacific Slope 
Branch, A.A.E.E., was held at the Mission Inn, 
Riverside, California, on June 26-28, 1946, jointly 
with the Entomological Club of Southern California. 

The first session was opened with a brief ceremony 
in commemoration of the founding of the Western 
Plant Quarantine Board, which was organized at the 
Mission Inn in Riverside 27 years ago. Chairman 
Ryan called attention to the names of several people 
attending the 1919 meeting who were also present in 
1946, and then called on Dr. George H. Hecke, di- 
rector of the California State Dept. of Agriculture 
in 1919, who was instrumental in calling the meeting 
which resulted in the organization of the Board. 
Mr. Ryan also called attention to the fact that the 
4th annual meeting of the Pacific Slope Branch was 
held at Riverside immediately following the Quaran- 
tine conference. 

At the Wednesday morning session there was a 
symposium on “Plant Quarantine” with invita- 
tional papers by H. M. Armitage, W. L. Popham, 
Frank McKenna, and C. E. Cooley. 

The Thursday morning session was devoted to 
the subject of “Biological Control’ with addresses 
by C. P. Clausen, Harry S. Smith, W. F. Sellers, 
Edward A. Steinhaus, S. E. Flanders, and J. K. 
Holloway. 

At the Thursday afternoon and evening sessions 
the subject under discussion was ““New Insecticides” 
with addresses by C. W. Kearns, F. A. Gunther, 
Geoffrey Woodward, W. H. Lange, Jr., L. D. Good- 
hue, Roy Hansberry, and C. E. Palm. 

Other sessions were devoted to paper reading on 
miscellaneous entomological subjects. 

After the banquet on Wednesday evening, enter- 
tainment consisting of 12 acts of vaudeville was 
provided through the courtesy of members of the 
insecticide industry. 

On Friday afternoon on the grounds of the Uni- 
versity of California Experiment Station at River- 
side, there was given a demonstration of modern in- 
secticide application equipment. Among the machines 
demonstrated were: airplane sprayers and dusters, 
fumigation tent pullers, fumigation guns, various 
types of dusters, sprayers, and spray-dusters, ther- 
mal fog generators, soil fumigation units, grasshop- 
per bait mixers and spreaders, steam sterilizers, and 
weed sprayers. In all, 43 units were exhibited and 
demonstrated. 

Attendance at the meetings was large, and sus- 
tained interest was shown in all the addresses and 
papers throughout the meeting. There was a total 
registered attendance of 345, with the following 


members present: 


Memsers, AMERICAN ASSOCIATION OF 
Economic ENTOMOLOGISTS PRESENT AT 
RrversipE MEETING Paciric SLOPE 
BRANCH, JUNE 26-28, 1946 
Armitage, H. M., Sacramento, Calif. 

Burtch, L. A., Bakersfield, Calif. 


Bartlett, Blair, Riverside, Calif. 
Brown, G. T., San Francisco, Calif. 


Bottger, G. T., Anaheim, Calif. 
Brown, A. O., Oakland, Calif. 
Barnes, M. M.., Riverside, Calif. 
Boyce, A. M., Riverside, Calif. 
Broadbent, Miss B., Whittier, Calif. 
Barnes, D. F., Fresno, Calif. 
Binney, Walter, Chula Vista, Calif. 
Bishop, Roy K., Orange, Calif. 
Bumgardner, R. J., Orange, Calif. 


Cummings, Walter, Santa Barbara, Calif. 


Clark, John R., Riverside, Calif. 
Crawford, Harvy J., Chico, Calif. 
Campbell, Roy E., Alhambra, Calif. 
Clausen, C. P., Washington, D. C. 
Carman, G. E., Riverside, Calif. 
Cooley, C. E., San Francisco, Calif. 
Carisoza, James E., South Gate, Calif. 
Dorman, S. D., Emeryville, Calif. 
Doyle, E. T., San Francisco, Calif. 
De Bach, Paul, Riverside, Calif. 
Doutt, R. L., Riverside, Calif. 
Duggen, Charles E., Pomona, Calif. 
Dickson, R. C., Riverside, Calif. 
Daniels, Victor E., Los Angeles, Calif. 
Durham, Wallace, Los eles, Calif. 
Ebeling, Walter, Los Angeles, Calif. 
Elmore, John C., Alhambra, Calif. 
Ewart, W. H., Riverside, Calif. 
Essig, E. O., Berkeley, Calif. 
Fowler, Jack, Woodland, Calif. 
Fenton, Alfred, Houston, Texas 
Foyne, C. V., Pasadena, Calif. 
Ferris, C. A., San Jose, Calif. 

Fu, Sheng-fa, Berkeley, Calif. 
Flebut, A. J., Berkeley, Calif. 
Flanders, S. E., Riverside, Calif. 
Fleshner, C. A., Riverside, Calif. 
Freeborn, Stanley B., Berkeley, Calif. 
Francis, W. J. F., Tacoma, Wash. 
Gressitt, J. L., Berkeley, Calif. 
Glover, Leon C., Modesto, Calif. 
Gerhardt, Paul D., Riverside, Calif. 
Gammon, Cyril, Ontario, Calif. 
Goodhue, Lyle D., Neodesha, Kan. 
Hansberry, Roy, Modesto, Calif. 
Holloway, James K., Albany, Calif. 
Hills, Orin A., Phoenix, Ariz. 
Hanna, Lester W., Hillsboro, Ore. 
Howland, A. F., Alhambra, Calif. 
Hoskins, W. M., Berkeley, Calif. 
Heming, W. E., Whittier, Calif. 
Irvine, Milton, Riverside, Calif. 
Jeppson, Lee, Riverside, Calif. 
Jones, Laurence S., Riverside, Calif. 
Johnson, Esler, San Francisco, Calif. 
Jonson, W. L., Pasadena, Calif. 
Jones, M. P., Washington, D. C. 
Jewel, Edward S., Pomona, Calif. 
Kearns, Clyde W., Urbana, Il. 
Korsmeier, R. B., Seal Beach, Calif. 
Kirkpatrick, A. F., Monrovia, Calif. 
Kagy, J. F., Seal Beach, Calif. 
Konkright, B. J., Salinas, Calif. 
Loeffler, E. S., Berkeley, Calif. 
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Lange, W. H., Jr., Davis, Calif. 
Lyle, Clay, State College, Miss. 
La Follette, J. R., Whittier, Calif. 
Lewis, H. C., Whittier, Calif. 

Landon, Wm. E., San Dimas, Calif. 

La Due, J. P., Riverside, Calif. 
Lindgren, D. L., Riverside, Calif. 
Lichty, Ralph W., Los Angeles, Calif. 
Marsh, Harry L., Los Angeles, Calif. 
Mather, Stanley M., Los Angeles, Calif. 
McCorkindale, L. D., Lancaster, Calif. 
Miller, Ralph, Ontario, Calif. 
Michelbacher, A. E., Berkeley, Calif. 
Miller, J. M., Hollywood, Calif. 
Middlekauff, Woodrow, Berkeley, Calif. 
Martin, Chas. H., Corvallis, Ore. 

Mote, Don C., Corvallis, Ore. 
Melander, A. L., Riverside, Calif. 
Miller, Marvin P., Glendora, Calif. 
MacLeod, G. F., Fresno, Calif. 

Nelson, Howard D., Whittier, Calif. 
Newton, J. H., Paonia, Colo. 

Oretega, Jack, Riverside, Calif. 

O’Neill, W. J., Wenatchee, Wash. 
Palmer, Dean, San Diego, Calif. 
Parker, Wm. B., Placerville, Calif. 
Popham, W. L., Washington, D. C. 
Persing, C. O., San Francisco, Calif. 
Platt, Fred R., Riverside, Calif. 

Palm, C. E., Ithaca, N. Y. 

Papke, Cliff, Whittier, Calif. 

Quayle, H. J., Riverside, Calif. 
Richards, Claude A., Los Angeles, Calif. 
Roark, Len, Visalia, Calif. 

Roney, J. N., Phoenix, Ariz. 

Riehl, L. A., Riverside, Calif. 

Ryan, Harold J., Los Angeles, Calif. 
Sanders, Earl, Santa Ana, Calif. 
Simmons, Perez, Fresno, Calif. 

Smith, Gordon, Berkeley, Calif. 

Smith, Leslie M., Davis, Calif. 

Scott, David B., Jr., Altadena, Calif. 
Sheldon, Howard B., Santa Paula, Calif. 
Stafford, E. M., Davis, Calif. 

Smith, Harry S., Riverside, Calif. 
Smith, Sam S., Sacramento, Calif. 
Steinhaus, Ed. A., Berkeley, Calif. 
Stewart, M. A., Berkeley, Calif. 
Strand, T. P., Richmond, Calif. 

Smith, L. G., San Francisco, Calif. 
Stanger, Neal, Ukiah, Calif. 

Swain, A. F., Los Angeles, Calif. 
Stone, M. W., Ventura, Calif. 
Timberlake, P. H., Riverside, Calif. 
Vogel, M. A., Yakima, Wash. 

Vertrees, J. D., Portland, Ore. 
Webster, R. L., Pullman, Wash. 
Wilcox, Joseph, Alhambra, Calif. 
Wampler, E. T., Anaheim, Calif. 
Woodhams,.Geo. D., San Bernardino, Calif. 
Wilcomb, Howard, Los Angeles, Calif. 
Worthy, Walter L., Camarillo, Calif. 
Woglum, R. S., Los Angeles, Calif. 
Yust, Harold R. Whittier, Calif. 

Zapf, R. A., Santa Monica, Calif. 


Auditing, Nominating, and Resolutions Com- 
mittees were appointed at the opening session, and 
reported at the final session. All committee reports 
were accepted by unanimous vote. 
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TREASURER’S REPORT 


(For a 2-year period) 
1944-1946 
June 27, 1944, Balance in bank.......... $28.08 


August 1, 1944, Refund for 1944 expenses. 59.10 
December 7, 1945, Interest on bank ac- 








CPE 66 wa hte kad mika Chl tk bein Boks -61 

WEL + nadinn keke aneudas dee CA; $87.79 

1945 Expenses 
Mimeographing & mailing no- 

WO cos ig Sd, Le bad $23.42 
Envelopes & postage......... 2.61 
Telegrams & telephone....... 4.57 

1946 Expenses 
Letterheads & stamps... ..... 5.61 
Mimeographing & mailing an- 

nouncements and notices... 88.82 
Printing programs & tickets... 27.32 
Lettering signs for meeting 

See e a eee eee Migs 7.08 
Rental of loud speaker for 

WOON eo oe oS By cain acd 26.50 
CN EE TP me 2.62 
Rental of loud speaker for dem- 

CEI ci hs extn? 15.00 

Ms cai sa stad elites $203.55 

BON at os cnc tt ia eae cate —115.76 


APPROVED: Auditing Committee 
Watrter EBELING, CHARLES Martin, C. O. Per- 
sinc, Chairman 


NOMINATING COMMITTEE REPORT 


Officers for 1946-1947: 
Chairman—M. A. Stewart, Davis, California 


Vice-Chairman—Wm. J. O'Neill, Wenatchee, 
Washington 
Secretary-Treasurer—Roy E. Campbell, Alham- 
bra, California 
Nominating Committee: 
Don Morte 


A. J. Fuesurt, 
E. O. Essie, Chairman 


The report of the Resolutions Committee was as 
follows: 


RESOLUTIONS OF THE PaciFic SLOPE 
Branco, AMERICAN ASSOCIATION OF 
Economic ENTOMOLOGISTS 


Wuereas, The Thirtieth Annual meeting of the 
Pacific Slope Branch of the American Association of 
Economic Entomologists, held at the Mission Inn, in 
Riverside, California, June 26-28, 1946, has been a 
profitable and memorable gathering, and, 

Wuereas, The outstanding success of these meet- 
ings has been due to the generous efforts and con- 
2 utions of many individuals and groups, therefore 

it 

Resolved, That the thanks of the Pacific Slope 
Branch be recorded as follows: 

1. To Clay Lyle, President of the American Asso- 


ciation of Economic Entomologists, and to 
Dr. George Hecke for being with us. 
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. To those, who, upon invitation made valuable 
contributions to the program. 

. To the special committees whose work did so 
much to organize the meetings and to keep 
them functioning effectively. 

. To the staff of the Citrus Experiment Station 
for their efforts in our ; 

. To oe es ve firms of se ee indus- 

or an enjoyable evening. 

F Te the Entomological Club of Southern Cali- 
fornia for joining in the meetings. 

. To the Chamber of Commerce of the City of 
Riverside for furnishing secretarial service 
and covers for our programs. 

. To the management and employees of the 
Mission Inn for their helpful services. 
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Wuereas, The science of entomology has been so 
greatly expanded and 

Waereas, So many data of intestimable value are 
being developed and should be reported, and 

Wuereas, The time available at the anuual meet- 
ings of the Pacific Slope Branch of the American 
Association of Economic Entomologists is so limited 
and inadequate, therefore be it 

Resolved, That the members of this association 
request their officers to consider the policy at future 
meetings of the following: 

1. Condensation of the oral presentation of the 


papers. 
2. Making available, at the time of the meetings, 
mimeographed copies of the complete reports. 
Resolved, That the Pacific Slope Branch, Ameri- 
can Association of Economic Entomologists, go on 


. To George M. Brown, nurseryman of River- 
side, for furnishing floral decorations for the 
tables at the Entomologists’ Dinner. 

10. To the Agricultural Extension Service for the 
use of projection lanterns and screens. 


record as being in favor of Senate Bill 1850 for the 
creation of a National Science Foundation: 
That entomological work be included in the Bi- 
ology, Medical, and National Defense Sections, as 
provided in Bill 1850: 
That Entomologists be included in the Adminis- 
trative Committee which may operate these Sec- 
tions: 
That the entomological phases of work in these 
Sections be organized and administered by quali- 
fied entomologists and associated professions. 
Signed Dean F. PALMER 
Signed Perez Simmons 
hairman 


Wuereas, Increasing traffic between countries has 
greatly augmented the danger of the introduction of 
foreign insects, therefore be it 

Resolved, That the Pacific Slope Branch lend its 
strong support to undertakings which will increase 


our knowledge of foreign insect pests, to moderniz- 
ing and strengthening our plant quarantine de- 
fenses, and to extending domestic surveys to detect 


promptly the establishment of new insect enemies. 





E. F. Kn1rpiineG Succegenps E. C. CusHine 
IN BuREAU 


The appointment of Edward F. Knipling to head 
the Division of Insects Affecting Man and Animals 
of the Bureau of Entomology and Plant Quarantine 
was announced on September 15 by P. N. Annand, 
Chief of the Bureau. Emory C. Cushing, former head 
of the Division, resigned to return to his ranch near 
San Antonio, Texas. 

Mr. Knipling was born at Port Lavaca, Texas, 
March 20, 1909. He holds the d of Bachelor of 
Science from Texas A. & M., and Master of Science 
from Iowa State College. Since joining the Bureau in 
1931, his work has been almost entirely in the field 
of medical and veterinary entomology. He was senior 
entomologist in charge of the Orlando Laboratory 
during the war years. The entomologists and chem- 
ists of the Bureau, at this laboratory, developed or 
= practically all insecticides, repellents, and 
methods employed for their application, used by the 
armed forces during World War II. The United 
States Typhus Commission Medal was awarded Mr. 
Knipling on May 13, 1946 for his share in these de- 
velopments. 

. Cushing has been connected with the Division 
of Insects Affecting Man and Animals since 1928 
except for his period of service as Colonel in the 
Sani Corps with the armed forces from 1942 to 
1946. He was awarded the Typhus Medal in May, 
1945. He was first appointed head of the Division in 
1941 and returned to that position this past Febru- 
ary. The early wartime research programs conducted 
by the Bureau in the field of medical entomology 
were initiated by Mr. Cushing before he entered 
military service. 





